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PLE Pad 


---Upon commencing at 10:03 a.m. 


THE REGISTRAR: Please come to order. 

This hearing iS now in session. Be 
seated, please. 

THE CHAIRMAN: Ms. McClenaghan. 

MS. MCCLENAGHAN: Thank you, Mr. 
Chairman. 

I intend today to enter and deal with two 
exhibits if I may. The first exhibit is a package 
entitled: Materials Relating to Radioactive Emissions, 
Health, Environment and Regulation, and I understand 
that Exhibit No. 597 is available. 

THE CHAIRMAN: 597. 

---EXHIBIT NO. 597: Package entitled Materials 

Relating to Radioactive Emissions, 

Health, Environment and Regulation. 

MS. McCLENAGHAN: And later on today I 
will be dealing with a second package of exhibits 
entitled: Materials on Inherent Hazard and I understand 
that Exhibit No. 598 is available. 

---EXHIBIT NO. 598: Package entitled: Materials on 

Inherent Hazard. 

THE CHAIRMAN: Thank you. 

MS. McCLENAGHAN: Both of those exhibits, 
Mr. Chairman, have bold page references on the top 


right corner of each page of the exhibit and it will be 
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those numbers that I will be referring to as we go 

THE CHAIRMAN: And as we go through, some 
of them we also -- I didn't realize this is becoming 
sort of a maze, but sometimes we give documents another 
exhibit number, even though they are internal to this 
one, and also if interrogatories are mentioned we also 
put them on an iterrogatocy list. It might help in 
cross-referencing later on. 

MS. McCLENAGHAN: Yes. Thank you, Mr. 
Chairman. 

THE CHAIRMAN: So sometimes there are 
little interruptions about that sort of thing and you 
will have to just bear with us on that. 

MS. MCCLENAGHAN: Yes, I understand that. 
And there are, in fact, some interrogatories included 
in these packages. 

DAVID WHILLANS, 

KURT JOHANSEN, 

FRANK CALVIN KING, 

WILLIAM JOHN PENN, 

IAN NICHOL DALY; Resumed 
CROSS-EXAMINATION BY MS. McCLENAGHAN: 

Q. Mr. Johansen, I would like to mention 
your testimony from your direct Siitience aia in 
particular your slide 52 of Exhibit 519, which dealt 


with volume of radioactive waste. 


Aw Wes rel chave 1b: 
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Whillans,Johansen, 23129 


‘Penn,Daly,King 
cr ex (McClenaghan) 


Q. And that was, as my reference is, at 


. page 21338 of Volume 122, where I recall you testified 


that Ontario Hydro would have produced a total of 
75,000 tonnes of radioactive spent fuel by the end of 


the 40-year lifetimes of the existing plants. Was that 


the evidence? . 


A. ?adhatis iconrect:. 

Q. And you said to put it into 
perspective, you said if you put it in a hockey rink it 
would fill it to a height of 21 metres, and that's what 
you said? 

A. Yes, that assumes that the fuel would 
be stored in modules similar to those used in the 
storage bays. 

Q. Now, my question is whether it's the 
weight and the volume of those wastes which you would 
characterize as their most important characteristics? 


A. Probably the volume, although I think 


the key characteristic is the toxicity or the hazard. 


I think either weight or volume are relatively small 
and manageable that they are not in my view the 
predominant characteristics. 

Q. So the characteristic that we are to 
be most concerned about as you say is their toxicity? 


A, ow lhatsircorrect. 
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Whillans, Johansen, 23130 
Penn,Daly,King | 
cr ex (McClenaghan) 


Q. Can you describe why it is that they 
are toxic or how they are dangerous, what the 
characteristics are that make them toxic? 

A. Well, Dr. Whillans can probably 
assist me. But as I indicated in my direct evidence, 
the primary characteristic, I guess, of the used fuel 
when it comes out of the reactor is the fact that it is 
highly radioactive. 

Q. Yes. And as a result of that they 
are known to be carcinogenic; is that right? 

A. That's my understanding but that's 
Dr. Whillans' domain. 

Q. Dr. Whillans? 

DR. WHILLANS: A. Well, the assumption 
is simply that ionizing radiation is carcinogenic, yes. 

Q. And at page 57 or slide 57 of Exhibit 
519, that slide, as I understand it, quantified low and 
intermediate wastes as well only by volume or weight 
and not by radioactivity; is that right? 

MR. JOHANSEN: A. That's right. 

Q. And it showed that the total volume 
was dominated by low level wastes; is that right? 

A. That's correct. 

O% Now if those wastes were quantified 


by their radioactivity instead of by their volume, what 
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Whillans,Johansen, Pav oll 
Penn,Daly,King 
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would be the relative importance of those three 
categories? Do you have any percentages? 

A. Offhand I don't, but I'm sure we 
could provide that information. 

Q. Well, you would agree with this that 
if you quantified them by radioactivity, the type 3 
wastes would be just about as dominant as the type l 
wastes. Is that a fair statement? 

Aes ola sig sure that we could 
necessarily equate them but certainly the difference 
would be less than is indicated by a volumetric 
comparison. 

O) « eI sorry 2 oL Aaaiert catch the last 
part of your answer. 

A. If as you suggest a comparison were 
made on an activity basis as opposed to a volumetric 
basis, the difference would be less than is indicated 
in this slide on page 57. 

Q. And when you say activity, of course 
you always mean radioactivity? 

AS’ Etna’ Ss, right. 

Q. I would like to refer you to page 156 
of Exhibit 597, which is an excerpt from Exhibit 256 in 
this hearing. It begins at page 151 and it's the 


Ontario Hydro Annual Environmental Performance Report, 
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Whillans,Johansen, | 23132 


Penn, Daly,King 
cr ex (McClenaghan) 


1990. 

THE CHAIRMAN: Can you give me that 
again, please, the exhibit number? 

MS. MCCLENAGHAN: The DSP Exhibit No. is 
256. 

THE CHAIRMAN: Thank you. 

MS. MCCLENAGHAN: And the excerpts here 
are found beginning at page 151. 

Q. Figure 9.7B is a graphic 
representation of solid radioactive waste between 1986 
and 1990. And it has a shaded area indicating 
intermediate level wastes, type 2 and 3, and a clear 
area indicating low level wastes, type 1 only; right? 

MR. JOHANSEN: A. Figure 9.7B? 

Otaarvess 

A.» Yes. 

Q. It would appear from this graph that 
the intermediate level wastes, type 2 and 3, are 
gradually getting bigger as a percentage of the volume 
of the total. MIt'svdifircultetortel vithouc® specific 
numbers, but that's what it looks like; is that right? 

A. Well, certainly, the proportion for 
1990 is greater than that for 1989, but it doesn't 
appear to be all that different from the value shown 


for 1988. So, I don't think there is enough there to 
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Whillans,Johansen, 23133 


Penn,Daly,King 
cr ex (McClenaghan) 


Suggest that tnere is a gradual increase. 

Q. On page 155 of the exhibit or 25 of 
the document itself, towards the top of the right-hand 
column you will see a sentence that begins 
"Intermediate level waste, type 2 and type 3...." Do 
you see that? 

A. Right-hand column? 

Q. At the top, about the first full 
sentence, second full sentence. 

A. Yes. 

Ona Lk says: 

Intermediate level waste, type 2 and 
type 3, makes up 2 per cent of the waste 
and contains 98 per cent of the activity. 
And I take it you would agree with that? 
A. Yes. I have no reason to doubt that 

figure. 

Q. And again that's 2 per cent by 
volume, not 2 per cent by toxicity? 

As. That's «right; 

Q. Is there any particular reason why 
you aren't presenting the information to us in terms of 
percentage of toxicity? 

A. I think, in my direct evidence you 


are wondering-- 
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Penn,Daly,King 
cr ex (McClenaghan) 

Olt 4¥es?. 


A. --or in general? 


Q. In your direct evidence, in your 


overview of the kinds of wastes that you are producing. 


A. Well, in my cae evidence, my 
objective was to indicate the magnitude of the 
Management challenge. The nature of the facilities 
used to manage these materials is intended to deal with 
the characteristic of the waste in terms of 
radioactivity. 

[10:159a.m.a) 

But it's the volume that we felt was 
relevant to the question, how large a management 
problem is it. That is why I chose to show you a 
volumetric comparison. But we do provide information 
on the radioactivity characteristics of the waste as 
well. 

DR. WHILLANS: A. May I add a comment? 

Oven Yess 

A. I don't think we should equate 
activity and toxicity necessarily, because availability 
for exposure comes into it as well. 

I agree that activity is a closer measure 
ofewhat.wyouktcal) toxicity7ivbuteledoen' ty think ad tetis 


necessarily equal. 
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Penn, Daly,King 
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On Dtaxe*1ve-that both of@#youatwould 
agree that the other charade wile of this waste which 
is critical in any consideration, whether it's 
Management or availability for exposure or anything 
else, is how long it lasts; is that right. 

MR. JOHANSEN: A. That's certainly one 
important characteristic. 

I might just add in further response to 
your previous question about volumetric or 
radioactivity characteristics, that in the document 
which we provided in response to Interrogatory 9.9.41, 
entitled: Radioactive Materials Management at Ontario 
Hydro: An Overview, this is a document that we 
referred to fr bqueatey in responses to interrogatories. 

Table 3-4 in that document presents the 
type 1, type 2, type 3 wastes in terms of both volume 
and total radioactivity, and there are other documents 
that present these materials in similar terms. 

THE CHAIRMAN: Is the interrogatory 
already recorded? 

THE REGISTRAR: Was that number? 

THE CHAIRMAN: 9.9.41. 

MR. B. CAMPBELL: I believe it's 520.19, 
Mr. Chairman. 


THE CHAIRMAN: Thank you. 
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MS. MCCLENAGHAN: Q. So in your earlier 
response to this question you indicated that one of the 
reasons or the reason that you considered volume most 
important was because you are assuming, I take it, that 
your management of the wastes will ensure that there 
are no problems from its toxic characteristics? 

MR. JOHANSEN: A. That's generally true. 
And I might add, I don't think I said it's the fast 
important. It is an important characteristic. 

Q.., Its, toxicitysorii ts) volume? 

A. Its volume. 

Q. I would like to refer to you page 2 
of Exhibit 597, which is an excerpt from the Royal 
congas ewan FicmiGennoe Planning, and page 2 is a 
graph titled: Ingestion, Toxicology of Spent CANDU 
Reactor Fuel, Once-Through Natural Uranium Cycle. 

First of all, would you have any reason 
to disagree with the data contained on that graph as to 
the total ingestion toxicity of the fuel? 

A. Well, I can comment, Dr. Whillans 
might wish to add a comment. 

What I would say is that the Porter 


Report, the interim report issued by the Royal 


Commission qualified this curve, describing it as a 


crude measure of the potential danger of radioactivity 
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in the used fuel, and I would certainly agree with 
that. 

One of the difficulties I have with this 
curve is the fact that it presumes that the radioactive 
content of the used fuel is desolved somehow in water, 
which doesn't recognize the relative insoluability of 
the fuel. It's ceramic in form, it's encased ina 
durable metal sheath, and it's difficult to envisage 
how used fuel in that ceramic form could become freely 
available in a water body such that this kind of way of 
presenting toxicity would be relevant. 

But having said that, the technical 
parameters or values presented in this curve, assuming 
that the used fuel were somehow totally ground up and 
dispersed in water, are probably in the ballpark. But 
I really have difficulty with this form of presenting 
toxicity. 

Q. Well, if we continue -- 

DR. WHILLANS: Can I also comment? 

QO. Yes. 

A. I just want to point out that the 
horizontal axis for this graph goes out to 10 million 
years, and I am sure you are well aware that there are 
major uncertainties in projecting over that period, and 


these have to be taken into account in any decisions 
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you base on data like this. 

O. » All, night... Is4 it. fai ctop,say, farsit 
of all, that what this graph is showing is, in terms of 
years, the amount of time it would take for radioactive 
decay to occur in the particular wastes that it's 
demonstrating? 2 

A. I think Mr. Johansen is more familiar 
with this particular graph than I am, but I assume the 
way only you meet such a curve would be to assume only 
radioactive decay, because we don't know what kinds of 
dissolution might happen in a million years and so 
forth. | 

Q. If we look at 100 years, which is 10 
squared, right, I take it you would agree there is less 
uncertainty over that time span. 

MR. JOHANSEN: A. Yes. 

Q. And if we look on the vertical axis, 
it would appear that -- well, first of all, ingestion 
toxicology is footnoted to say it's the volume of water 
required to dilute the wastes to public drinking water 
standards. 

A. Yes. 

Q. So then the graph on the vertical 
axis is indicating how much water is that, and that's 


per 1,000 megawatt/years. The amount of waste you are 
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producing in 1,000 megawatt/years of operation; is that 
right? 

DR. WHILLANS: A. Excuse me, where does 
it say that? 

MR. JOHANSEN: A. It's not actually 
indicated on here. 

Q. No, I understand that is in the 
report but we don't have that excerpt for you, with my 
apologies. 

If we make that assumption for a moment, 
because I think we could check that and confirm aby 
that this is graphing the toxicity of 1,000 
megawatt/years of fuel from operation, obeu the amount 
of water that is required to dilute that fuel to 
drinking water standards appears to be, according to 
the graph, more than 100 billion eipae metres. ts that 
what it looks like to you? 

A. That's what the graph shows, yes. 

But again I have to emphasize that this presumes that 
you, for some reason, would grind that ceramic fuel up 
into powder na released it to the water body, which is 
not a very realistic scenario at all. 

DR. CONNELL: Excuse me a moment. The 
figure you were searching for was the 10 to the vw3th? 


You rendered that as 100 -- 
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MS. McCCLENAGHAN: I think 10 to the 12th. 

DR. CONNELL: Ten to the 12th, chat would 
be 1,000 billion. ; 

DR. WHILLANS: 1,000 billion. 

MR. JOHANSEN: It's a very large number. 

MS. MCCLENAGHAN: Q. And you would agree 
with me that this is an area where it's Very? oVEe1 cunt 
to comprehend the issue of how much toxicity there is; 
is that fair? 

MR. JOHANSEN: A. It's difficult to 
comprehend, I would say that's fair, yes. 

Q. So that's why there might be use made 
of crude graphs like this that demonstrate the amount 


in something we can understand like how much it would 


take to dilute it to drinking water standards. 


0 aaeaend 


That would be a reason for using this term "ingestion 
toxicity” scis«that'sdfair? 

A. Well, I don't think that this sort of 
chart plays much of a role in radiation protection or 
the regulation of the Management of used fuel. So, 
it's not something that we commonly use and it's not 
commonly used by the regulators, so I really can't 
agree that it serves much purpose. 


Q. Would you agree that, as I understand 
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it, the eight Pickering reactors would generate in 


three perfect months of operation about this much 
radioactivity: 1,000 megawatt/years? 

A. That would be approximately true. 

Q. faSonthatiis what we are talking about, 
three months at one of your stations -- or two of your 
stations, at one of your locations? 

A. 1,000 megawatts per year is what we 
are talking about or is what you suggested. 

Q. And so what we are talking about is 
that that much generation results in this much waste 
whether or not the waste dissolves in water or is going 
to dissolve in water, that is how much waste has been 
produced by that operation; is that fair? 

A. Yes, one gigawatt/annum to put it 
Simpler terms produces something like a 140, or 
thereabouts, megagrams or metric tonnes of used fuel. 
That's a figure that we use routinely in our analysis 
and we have used that in our Exhibit 507, for example, 
so that's what we are talking about. 

Q. I take it that you would agree with 
me that you couldn't think of any other way to generate 
electricity that would produce this amount of toxic 
waste? 


Ag Welt ierdonv’arthinknthat' ss as 
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different question, is it? I'm not quite sure what you 
are asking there. If we couldn't think of any other 
way of producing the electricity, that is what would 
result from one gigawatt per annum of nuclear power 
generation, yes. 

DR. WHILLANS: A. I think we should 
point? out? that in the direct evidence it was described 
that all of the waste fuel of the active waste from 
Pickering since it started operation in '71 is still 
stored in a relatively small pool, and I think that 
contrasts with the kinds of volumes you are talking 
about here. 

Q. Just let me restate the question I am 
asking though. We have looked at how much waste a 
relatively small amount of operation has produced, 
i.e., Pickering for three months has produced the 
volumes of waste we were just describing. And my 
question is: Are you aware of any other form of 
electric generation that produces this kind, this 
amount of toxic waste? 

THE CHAIRMAN: You mean radioactive toxic 
waste? 

Ms. MCCLENAGHAN: Any toxic waste, 
radioactive or otherwise. 


Q. Can you think of any other electric 
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generation that produces toxic waste on anything the 
order of this amount of toxic waste? 

THE CHAIRMAN: I don't know how you can 
properly answer that. Your are talking about apples 
and oranges, different kinds of toxicity -- 

DR. CONNELL: SO(2) would be toxic for 
example. 

MS. McCCLENAGHAN: Q. Let's talk about it 
in terms of these kinds of volumes. This scale says 
that it would take, if I stand corrected, 1,000 billion 
cubic metres of water to dilute that much toxicity to 
public drinking water standards. Is there any other 
form of electric generation that produces that much 
toxic waste? 

MR. JOHANSEN: A. The first response to 
your question is that I have not personally done an 
evaluation of the total hazard associated with waste 
products produced by other means of generating that 
same amount of electricity. And I am not aware that 
anyone else in our company has done it in those terms 
either. 

But certainly virtually any method of 
producing electricity does produce by-products which 
are to some extent hazardous, and it would be quite an 


undertaking I believe to go through and to do a hazard 
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evaluation on a unit weight or volume basis. There is 
no hazard-free way of producing electricity I guess is 
one way of putting it. But I don't have a comparison 
of the sort that you are asking for. 

Q. So, am I to understand that although 
we are involved right now in an Environmental 
Assessment of the Demand/Supply Plan, that's why we are 
here, you are saying there has been no comparison of 
that sort done by Ontario Hydro. 

| MR. B. CAMPBELL: With respect, Mr. 
Chairman, that's exactly not what the witness stated. 
What he is talking about here is a concept of 
dissolving all wastes from any source into water and 
then diluting it to drinking water standards for those 
particular things, a comparison which these witness 
have said is not useful in any event and have not done. 
There is all kinds of information provided comparing 
the relative effects, emission streams, et cetera, 
provided in the course of this hearing. 

MS. MCCLENAGHAN: Q. eee { tdid 
misunderstand what you said, Mr. Johansen. You are 
Saying that there hasn't been a comparison done. Can 
you advise me of what it is that hasn't been done? 

THE CHAIRMAN: Well, I take it that they 


haven't decided how much water would take to dilute 


Farr & Associates Repoarting, Inc. 


Whillans,Johansen, 23145 
Penn,Daly,King 
cr ex (McClenaghan) 


SO(2) to drinking standards. They haven't made that 
kind of analysis. I think that's what -- 

MR. JOHANSEN: That's exactly Geeks I 
meant. 

Panel 8 presented considerable evidence 
on the hazards of by-products generated in that way 
and, I understand, also presented a comparative 
analysis with alternative means of producing energy, 
but I am not aware pee any of that information was 
presented in the form of so many volumes of water 
required to dilute it to drinking water standards. 

MS. MCCLENAGHAN: Q. Would you be able 
to advise me as to what is the boat toxic inventory of 
a CANDU reactor? 

DR. WHILLANS: A. Perhaps you could 
explain what you mean by toxic inventory? You want to 
know the total amount of activity resulting from so 
Many years of operation? 

Q. Yes, yes, let's assume 1,000 
megawatt/years. 

A. I am certain those numbers are 
available. I don't have them in my head. 

Q. So, are you indicating that you could 
obtain that information for us? 


A. Information about the amount of 
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activity resulting from the operation of 1,000 
megawatt/years, yes. 

Q. Thank you. Whatever amount it is, 
you would agree with me that there are potentially 
three places that that radioactivity ends up, if I can 
put it that way. 

THE CHAIRMAN: Just a moment, perhaps we 
should record that as an undertaking. 520 point? 

THE REGISTRAR: 8. Sorry, 532.8. 

THE CHAIRMAN: That's my fault. 

THE REGISTRAR: Thank you. 
---UNDERTAKING NO. 532.8. Ontario Hydro undertakes to 

advise as to what is the total toxic 

inventory of a CANDU reactor resulting 
from 1,000 megawatt/years. And also to 
advise what percent or radioactivity 
might be emitted during routine 
operations as a fraction of the total 
inventory. 

MS. MCCLENAGHAN: Q. So my question is: 
That you would agree with me whatever the number is, 
you have got radioactive materials in the reactor and 
there are three, as I understand it, three places it 
can end up, if I can use that phrase. One is that some 
of it would be emitted during routine operations; is 
that fair? 


MR. JOHANSEN: A. Yes, that's correct. 


Q. If there was, Lord forbid, an 
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accident, then some of it could be emitted in an 
accidental way? 

A. That would be correct. Mr. King 
might want to add something to that. 

Q. And the third way is that whatever is 
left after you are finished with the fuel, then becomes 
radioactive waste and needs to be stored somewhere 
until it is harmless; is that fair? 

A. “inact” s COrrect. 

DR. WHILLANS: A. I think there is a 
fourth important mechanism for getting rid of activity 
and that is radioactive decay. Much of the activity 
that would be generated decays in won a short time 
that it can't leave the plant. 

Q. Now in terms of the routine emissions 
of the radioactivity that is contained in the reactor, 
I understand that that is a small percent of what is in 
the reactor; is that fair? | 

MR. JOHANSEN: A. Yes, that's right. 

Q. And would you have any ratio 38 to 
what per cent might be emitted in a routine way or 
during routine operations? 

A. As a fraction of the total inventory? 

GO-~ Yes. 


A. Not offhand. We would need to have 
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the answer to the undertaking that we just took on to 
answer that. But I guess it would be a very, very 
small fraction obviously. 

Q. Would it be maybe some millionths or 
some billionths of the toeaae, do you think? 

A. That would be a speculation, purely. 
I prefer to not speculate on that. 

Q. All right. We can revisit that 
question when we have the answer to the earlier 
undertaking. 

THE CHAIRMAN: Perhaps it can be 
incorporated into the earlier undertaking as part of 
it, so we don't need to give it new number. 

MS. MCCLENAGHAN: Thank you, Mr. 
Chairman. 

DR. WHILLANS: So we could add to the 
total activity generated by one gigawatt/year of 
operation the amount or fraction of activity emitted 
during one year. We are comparing slightly different 
bases here because a gigawatt/year agesnine necessarily 
happen over a whole year. We can give you both figures 
and then you can see what you.... 

MS. McCCLENAGHAN: Q. Now in terms of the 
routine emissions of the radioactivity from the 


reactor, I take it that there are two ways that that 
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happens. One is unintentional and the other is 
intentional. Is that fair? 

DR. WHILLANS: A. I think we are having 
a little trouble deciding who should be answering these 
because I spoke about the emissions in terms of health 
effects and Mr. Johansen is the environmental 
specialist. But personally I don't think I would agree 
with that division particularly. 

Q. And how would you disagree? 

A. Well, to distinguish between 
deliberate and accidental I think is too simple. 
Certainly we have controlled releases and I guess you 
would want to call those deliberate. And we have some 
that are unplanned and I guess you want to call those 
accidental. 

But I think that controlled is a better 
term. 

[10:40 a.m. ] 

Q. All right. Well, let's use those 
terms then. 

You have some emissions which you control 
and plan to emit, and others which you don't plan to 
emit, but you emit anyway; is that right? 

A. I am not sure we have changed the 


definition, but okay, let's talk on that basis. 
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Q. Now, as I understand it, Ontario 
Hydro - and you can correct me if your understanding is 
different - but Ontario Hydro doesn't measure how much 
of that radioactivity which escapes from its reactors 
emits by way of controlled or planned emissions versus 
how much escapes by way of unplanned emissions; is that 
right? 

A. I am sure Mr. Johansen has a Pemment 
to add. But the pathways by which either of those can 
reach the environment through the air, up the stack or 
to the water, are monitored. And so we monitor both 
the controlled and the, if you want to call them, 
accidental. 

I think ahat we have said was we can't 
necessarily give you a number of how much was 
controlled and how many wasn't, because the definition 
becomes a bit fuzzy. 

Do you want to add anything? 

MR. JOHANSEN: A. Only that we do 
measure them both. I think there was a suggestion in 
your question that perhaps we didn't, as least that's 
the way I interpreted it. And secondly, I believe that 
this was the subject of an interrogatory, 9.2.126-- 

Q. Yes. That's at page 144. 


A. --which we have responded to. 
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Q. Page 144 of the exhibit package. And 
as I read that response it says sas 

THE CHAIRMAN: Just one moment. Have we 
got that have one recorded, 9.2.126? 

THE REGISTRAR: That will be .91l, Mr. 
Chairman. 
=-sEXHIBITSANO. 15 2029dee Linterrogatory “NOVG9K2. 126% 

DR. WHILLANS: I think this response says 
what I just stated, that we monitor all the pathways, 
all the major pathways which could be available for 
either a planned or unplanned release. And the reason 
that we don't have the records and the detail required 
to give a response to your question is that we don't 
make the distinction between a routine release add an 
unplanned release in every case. 

The response also points out that the 
reason we don't keep records in this detail is because 
the total from the planned and unplanned is almost 
always way, way below the regulatory limits. 

MS. MCCLENAGHAN: Q. So you wouldn't be 
able to say, though, because you don't distinguish in 
your monitoring, you are just measuring the pathways, 
not what portion of that pathway has come from a 
planned emission, you wouldn't be able to assess how 


much reduction you could put into place relatively easy 
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or in some manner, vis-a-vis your planned emissions; is 
that fair, because you don't know how much of it is 
planned? 

DR. WHILLANS: A. But, again, I think 
it's not obvious that a reduction methodology, for 
example, wouldn't apply equally. If you put a control 
on how much goes out by airborne, for example, it could 
apply to what you want to call controlled and what you 
want to call accidental. 

I think we should be clear that what you 
are calling accidental is not the result of a station 
accident; we are talking about things that are 
approaching routine. 

MR. JOHANSEN: A. They are anticipated; 
they are not scheduled. 

Q. So that what you are saying is that 
in some cases if you took an abatement measure, you 
might reduce both, planned and unplanned, because the 
abatement measure might apply at the discharge point, 
whatever that was; is that fair. 

DR. WHILLANS: A. I agree with that. 

QcameButaisn “tm bicthhedcase) that cinsorher 
Situations what you might be able to reduce are your 
unplanned or unintentional if the emissions are 


occurring by way of leaks or some kind of faulty 
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equipment in some way? 

A. There are many ways in which 
emissions could be reduced. 

MR. JOHANSEN: A. You can reduce them, 
for example, by eliminating the source, and you can 
reduce them by controlling them at the point of 
discharge, or by improving your monitoring or Bedecticn 
so that your reaction time is less. There are a number 
of ways that can be and in fact are being used. 

Os Now, I would like to refer you to 
page 150 of the exhibit, which is an aieeetegd bine No. 
9729127% 

THE REGISTRAR: ye Lar 
=scEXHIBITINOV] 5207922 ""interrogatory Nov '9.2.127% 

MS. MCCLENAGHAN: Thank you, Mr. 
Registrar. 

Q. As I understand that interrogatory, 
Ontario Hydro intentionally pumps out radioactive 
liquid waste from its plants, one tank of low activity 
radioactive liquid waste per 12 hour shift is what this 
interrogatory state? is that right? 

MR. JOHANSEN: A. That's generally true. 

Q. And if the wastes in the tank meet 
your preset radioactivity specifications then you 


release them to the environment as they are; is that 
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right? 

A. Yes, only after they have been 
monitored and determined to be below the required 
operating targets are they released. 

Q. Right. And if they are not, then 
they are treated first and then they are released; is 
that right? 

A. That's correct. 

Q. I would like to turn to one of the 
specific components of your emissions and that's the 
tritium emissions. And the first two questions are 
questions which we had given you notice of question 
concerning. 

The first is: How much tritium will the 


Darlington nuclear generating station, exclusive of the 


tritium removal facility, have at its maximum at any 


time of its life? 

DR. WHILLANS: A. Could you help me with 
a reference for that? 

Q. In terms of the notice of question? 

A. This was on a separate sheet. It's 
not included? 

Oe RALODtee We had sent a notice of 
question dated March 19th. 


A. I have. it. This is -the! Letter from 
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- yourself to Ms. Harvie? 


Q. Yes, that's right. 

MR. KING: A. Excuse me, Ms. 
McClenaghan, the question you wanted to talk about? I 
think we found your notice of question ANG cr. 

Q. Yes. The question was: How much 
tritium will Darlington nuclear generating station, 
exclusive of the tritium removal facility, have at its 
Maximum at any time of its life, and then what will be 
the size of the tritium inventory at Darlington 
exclusive at the tritium facility at any given time? 

DR. WHILLANS: A. When you exclusive of 
the TRF, do you mean exclusion of any stored tritium as 
a result of the operation of the TRF as well? You are 
asking just about a four-unit station? 

Q. Yes. 

MR. KING: A. We have a curve of tritium 
buildup over time for Darlington expressed in curies 
per kilogram of heat transport system water, and this, 
I believe, assumes that the tritium removal station has 
not been used to clean up that water. 

So, of colinge miwath atthab£l .lifexof 12,3 
years, then you are building up over time and you are 
getting towards an equilibrium. And at 40 years the 


value that I have here is 30 curies a kilogram. And 
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actually, the amount of water is around 260 megagrams 
per unit. 

Now, if anything, of course, if you do 
use -- 

THE CHAIRMAN: The 30 value was for four 
units? 

MR. KING: No, that applies to any unit. 

And if you are interested in any other 
time during the 40-year life, I have that value in 
front of me right here as well. 

But then, in future there may be action 
to apply the tritium removal facility to the water in 
that system and hence the value could in fact be lower 
than that. But that's the value assuming that you do 
not use the tritium removal facility on the system. 

MS. MCCLENAGHAN: Q. So what would the 
total be at any one time? 

MR. KING: A. Well, it should be, 
following all those assumptions, that you don't use the 
tritium removal facility, it should be 260 -- well, the 
value is right in front of me. It would be 260 times 4 
times 30, which I have as 31,200 curies. That doesn't 
seem to be quite right. 

If you leave that number on the table for 


now, I will, at the break, go through it again. 
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DR. WHILLANS: A. I don't know if this 
helpful, but I think there is a danger of confusing 
ourselves and perhaps the Board because we talk about 
becquerals, we talk about curies, and we often about 
grams of pure tritium. 

And just as a general number the 
production rate of tritium in a 14 gigawatt system, our 
system, is about a kilogram per year, that's in all 
reactors, and at equilibrium it will go to 
approximately, I think, 16 kilograms. And, of course, 
with the operation of the TRF, those levels will not be 
reached in the future because we are removing tritium 
from the individual station systems and storing it at 
the Darlington site, but as part of the TRF, which you 
didn't want included in your answer. 

DR. CONNELL: Could I just interject 


here, a cross-reference to transcript Volume 122, page 


21421, I was discussing this matter with Mr. Johansen 


and Mr. King. I asked at line 14: 


"Is this reaction predominantly in 
coolant or in the moderator or both?" 
And Mr. Penn says: "It occurs at both." 
When I said, "Which is predominant?", Mr. 
King said: 


"There iS more moderator in the core 
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at any one time, so it would be 

primarily in the moderator." 

I gather we have been discussing just the 
heat transport system in the last minute or two; is 
that correct? 

[10257 p,m.,) 

DR. WHILLANS: I think we have been 
discussing both. 

MR. KING: No, the question was related 
to the heat transport system. Or I'm sorry, that's the 
one I interpreted. 

DR. WHILLANS: Certainly the numbers I 
was giving were for everything. 

MS. MCCLENAGHAN: Q. The original 
question was how much would it have at its maximum at 
any time of its life. 

MR. KING: A. I interpreted the question 
to be the heat transport system. I can give you other 
numbers for the moderator system if you would like. 

Q./ «Yes, 

A. And the number for the heat transport 
system is 31.2 million curies for four units. The heat 
transport system at Darlington at 40 years, at the end 
of 40 years, assuming that the tritium removal facility 


has not been used to remove tritium from that water. 
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DR. WHILLANS: A. I think the other 
number that is useful here is that the specific 
activity of tritium is about 10 to the fourth curies 
per gram. 

MR. DALY: A. I should add that in terms 
of removing the tritium from an operations point of 
view, we would aim to get the tritium level down to 
about 1 to 2 curies per kilogram in the heat transport 
system, probably a little more in the moderator system; 
it tends to be more difficult. So I think you should 
bear that figure in mind as a contrast to the 30 curies 
per kilogram at the end of 40 years without the TRF 
that Mr. King mentioned. 

MR. KING: A. I can complete that answer 
for the moderator system now. 

Q. Yes. 

A. I will give it to you without the TRF 
and I will give it to you with the TRF because of 
course Mr. Daly is correct. 

So for the moderator system at Darlington 
again with the following assumptions, no TRF removal, 
four units at the end of 40-year life, the 
concentration of tritium, if you will, would be 
somewhat just below 80 curies a kilogram. That would 


lead to a total inventory of 99.2 million curies of 
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tritium, 

But as Mr. Daly has indicated, the 
intention is to use the tritium removal facility. And 
therefore on the heat transport systems rather than 
having a concentration -- or a moderator system, I 
should say. Rather than having a concentration of 
close to;80 ,iiibelwveve’ 1teisicloser’ to 2cor St—rthat'"s 
the information I have in front of me - curies per 
kilogram, so that 99.2 million figure, you would have 
to reduce that by a factor of -- well, the ratio of 80 
tor 2a0nvay7rsosattactorsofls40a tor 25% 

So, we are down there at a much smaller 
number. The intention in the heat transport system it 
would be at the lower value, about 1 curie per kilogram 
is the information I have in front of me, so it would 
be a factor of 40 less than the 33 million figure I 
gave you. 

Q. If I refer you to your interrogatory 
No. 2.2.8, which is at the exhibit pages 125 to 131 or 
SO ga 

THE REGISTRAR: 2.2.8 is .93. 
= EXHIBHE INO 20520 293):P iinterrogatony Nod €2:/2 £8"; 

MS. MCCLENAGHAN: Q. Now as I understand 
it from that interrogatory, which was revised a couple 


of times, in the five years between 1986 and 1990 
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Ontario Hydro a Bruce and Pickering stations emitted a 
total of over 850,000 curies of tritium in the form of 
tritium oxide into the environment, both airborne and 
waterborne; is that right? 

THE CHAIRMAN: Are you taking that from 
an interrogatory? . 

MS. MCCLENAGHAN: Yes. The interrogatory 
in the exhibit -- 

THE REGISTRAR: I can't hear you,I'm 
SOrry. 

MS. MCCLENAGHAN: In Exhibit 597 the 
excerpts pertaining to this interrogatory begin at page 
yoy 

THE CHAIRMAN: Where do you get the 
850,000? I'm not quarreling with you; I just want to 
EInGwait¢ 

MS. McCLENAGHAN: It is an addition of 
the numbers for Bruce and Pickering for airborne and 
waterborne emissions with the revised numbers, so it 
isn't stated at 850,000 in this interrogatory. But ui 
am asking for confirmation that if you look at those 
two stations and look at airborne and waterborne that 
you get a total of emissions of 850,000 curies. 

DR. WHILLANS: Are you saying that you 


have added figures for Bruce and Pickering from the 
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tables on page 128? 

MS. McCLENAGHAN: Q. Yes. And 127. 

DR. WHILLANS: A. And 127. And the 
number that you came to was? 

Q. 850,000 ce of tritium in the form 
of tritium oxide. 

A. And for which year were you doing the 
calculation? | 

Q. This was between 1986 and 1990. 

A. So that's the total for all years? 

Q. For the five years at those two 
stations. 

A. I guess subject to check I would 
think it looks not unreasonable because the individual 
entries are of the order of 10 to the 4, and you are 
quoting 8-1/2 times 10 to the 5, so it's something in 
the ballpark, yes. 

Q. And if you translated the curies into 
terabecquerels or becquerels, as I understand it, you 
would arrive at 31 quadrillion becquerels. Does that 
sound right? 

A. [Laughter] Can you give us a second 
here. This is for your number of 850,000 curies? 

Q. Yes. 


A. And your number was again, sorry? 
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Q. 31 quadrillion becquerels. 

A. 31 quadrillion. 

Qan Gly timess LOotosthe-, 15th 

A. Okay. Well, I have a number that is 
very Similar to that, okay. Petabecquerels is 10 to 
the 15th. 

Q. Dr. Whillans, I recall that you 
testified ea ied that you’ were familiar with the 
concept of an LD50 in dealing with toxins, i.e., that 
that means the dose of a toxic that could be expected 
to kill 50 per cent of the recipients within some 
specified time period? 

A. Generally, yes. 

Q. And as I recall, you testified that 
an LD50 dose to a human adult was between 2-1 /2°and. 5 
sieverts? 

A. Yes. 

Q. So, if we used say 4 sieverts to do 
some calculations, would that seem fair? 

A. Yes. I did say that this is an 
uncertain number because there haven't been that many 
exposures well monitored, and it also I think depends 
very much on the state of support of medical care. But 
that's a good number within a factor of 2. | 


Q. All right. And would you also agree 
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that the dose to a human adult population statistically 


associated with a single fatal cancer is around 12 
sieverts or 12 person sieverts? 

A. Can you give me second on that one. 
Well, the numbers I'm working with are that the -- 

THE CHAIRMAN: Excuse me, Dr. Whillans. 
Could you just give me the question again, please. 

MS. McCCLENAGHAN: The question was 
whether he would agree that a dose to a human adult 
population that is statistically associated with a 
Single fatal cancer is around 12 person sieverts. 

DR. WHILLANS: As I started to say, the 
number I am working with is the risk number from ICRP, 
for example, of 5 a 10 to the minus 2 per sievert 
for the induction of a fatal cancer. All right? So 
would make that perhaps 20 sieverts, 20 person 


sieverts. 


MS. MCCLENAGHAN: Q. And would you agree 


when you are arriving at that different number that 
your difference is due to a theoretical dose and dose 
rate effectiveness figure -- or factor, sorry? 


DR. WHILLANS: A. ‘The number of 5 times 


10 to the minus 2 does include for solid cancers a dose 


rate effectiveness factor of 2, yes. 


Q. And would you agree that there is -- 
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A. I'm not sure I would agree it is 
theoretical. It's based on laboratory measurements 
rather than human epidemiology. 

Q. Right. So you would agree that there 
is no direct evidence of that factor, the dose and dose 
rate effectiveness factor for humans? 

A. There are measurements of human 
populations, as I mentioned in my direct evidence, that 
are used in addition to the major evidence which is 
from the Hiroshima/Nagasaki data. These measurements 
are on people who have received diagnostic or 
therapeutic radiation or occupational exposures. 

And that evidence is not as strong, for 
sure, as the Hiroshima/Nagasaki data, but it tends to 
suggest that exposures are less effective in the 
induction of cancer when they are received at low dose 
and dose rate. Now I will admit that that evidence is 
not at all strong, and the major reason that the ICRP, 
for example, includes this dose rate effectiveness 
factor of 2 is because of the laboratory studies that 
have been done on animals, and there it's much clearer. 

Q.. Sovit’s clearer: on mice? 

A. Mainly in rodents, ‘yes. 

I should also say that there is a wide 


range. The animal studies suggest a range of a factor 
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of about 2 to 10, and so 2 is the smallest of that 
range. 

Q. Would you be able to tell me how much 
tritium an adult would have to ingest or in inhale to 
receive that LD50 dose of radiation? 

A. Yes, I would. Do you want me to do 
that? 

Q. Yes. And I can refer you to your 
Interrogatory response 2-212 40% 

A. Could you repeat that? 

Oibs Oe222690ne's Sr 

THE ape: 972. 6ESRs 945 

MR. B. CAMPBELL: I believe it may be .14 
already. 

THE. REGISTRAR: This is the point. I 
have 90-odd numbers here to check and unless the lady 
gives me the page number that she is going to refer, I 
can't check it off. 

THE CHAIRMAN: 14? 

MR. B. CAMPBELL: Yes. 

MS. MCCLENAGHAN: To assist the Registrar 
and the witnesses, the excerpt is contained at page 6 
and 7 and 8 of the exhibit. 

DR. WHILLANS: I would like to point out 


that this report is 1986 and tritium dosimetry has 
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changed since then. 


22167 


Sorry, what page did you refer me to? 


MS. MCCLENAGHAN: Q. It is page 6, 7, 


and 8 of the exhibit. 


DR. WHILLANS: A. Of your exhibit? 


Q. Of our exhibit. 


A. We should get the same answer by 


using these tables, but the number that I use in 


dosimetry, I know that the so-called annual limit on 


intake for an occupational exposure, which means that 


it will result in a 50 millisievert exposure is - I'm 


sorry, I have to use these units - 68 millicuries, so a 


5 sievert exposure would result from an intake of 6.8 


curies. So if you wanted a 4 sievert exposure, it 


would be four-fifths of that value. Do you want that 


in becquerel? 


Q. Yes, please. 


A. So if we call it 5 curies, 


t*think I 


would make that between 1.5 and 2 times 10 to the 8th 


becquerel. 


---Off the record discussion. 


“DR. WHILLANS: Mr. Johansen says 1.9 


times 10 to the 8th becquerel. 


MS. MCCLENAGHAN: Q. So you are saying 


thathus thee. :sorny, 
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THE CHAIRMAN: He has not quite finished, 
I don't think. | 

MS. MCCLENAGHAN: Q. Sorry, go ahead. 

DR. WHILLANS: A. You preferred to use 
Table C-l1, I guess, so perhaps we should cross-check 
it. I have forgotten. Were you talking about an adult 
Or general population? 

Q. An adult. 

A. Well, I guess doing it this way it 
would be 5 divided by 2.0 times 10 to the minus 11 and 
that comes to, I guess 2-1/2 times 10 to the 11 
becquerels -- sorry, it was four, wasn't it? So it's 
still the same number: 1.9 times 10 to the 11th 
becquerel. 

DR. CONNELL: We had 10 to the 8? 

DR. WHILLANS: Sorry? 

DR. CONNELL: I thought you said 10 to 
the 8, doing it the other way around. 

MS. MCCLENAGHAN: Q. But I think you 
mean 1.9 times 10 to the 11th? 

DR. WHILLANS: A. I was wrong before, 
yes. It was my conversion factor. So let's call it 2 
times 10 to the 11 becquerel and that corresponds to 4 
Sieverts of tritium dose. 


Q. As I understand it, if we were to 
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- look at infant ingestion values, the figure would be 


about 3 times higher? 

Is that your understanding? 

A. That's right. 

Q. Or three times less tritium would 
result in the same LD would result in an LD50 -- 

A. The dose factor for an infant as 
shown in page 7 of your exhibit is almost three times 
that for an adult. | 

Q. As I understand it, this much tritium 
is about half a milligram of tritium. 

Is that about right? 

(2i225¢aim 4] 

A. Unfortunately, I carry the conversion 
factor from the curies to kilograms in my head. Now, 
we have to go back to get becquerels, I guess. 

Wait a minute, I was claiming this was 
about 4 curies. 

Now what was the number you gave again? 

Q. About half a milligram of tritium. 

A. I have to add that all of these quick 
calculations I think should be subject to check. 

QO." That’ s fair. 

A. But I think that is a reasonable 


number, yes. 
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Q. So, in other words, that tiny amount 
of tritium, half a milligram or so, is an LD50 adult 
dose? 

A. This is half a milligram of pure 
tritium. Not even the tritium, the very high levels of 
the tritium in, for example, the moderator, whereas we 
said it was in the order of 20 curies per kilogram, we 
are talking about 10 to the 4th curies per gram. So 
you are talking about a quantity of tritium, and I 
agree that's probably ingestion LD50. 

DR. CONNELL: This is 1T(2), not 1T(2)0? 

DR. WHILLANS: Yes. We are being a 
little careless because there is a difference in the 
molecular weights. 

It's fully substituted tritiated water, 
so it is 2 tritiums and an oxygen, or you get a 
Slightly different number if you were talking T(2). 

DR. CONNELL: It would be eightfold. 

DR. WHILLANS: It's eightfold, yes. 

But the difference I was trying to point 
out was that you are talking about half a milligram of 
pure tritium or some slightly different number, 
eightfold different number of fully tritiated water. 
But even in the moderator, which we were talking about 


at the order of 30 curies per kilogram, it is not at 
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all fully tritiated. So this is quite a hypothetical 
kind of source. 

MS. McCLENAGHAN: Q. Yes. And you would 
agree that this calculation that you just did does take 
full account of the fact that tritium's beta particle 
has very little energy, or, in other words, is soft 
radiation; is that right? 

DR. WHILLANS: A. The dosimetry factors 
take into account the energy of the emission, yes. 

And since you point it out, a beta 
particle with a maximum energy of only about 18 KEV, as 
Dr. Connell was pointing out earlier in the hearing, 
would not pass through a glass of gacast for example, a 
glass surrounding the water. It wouldn't pass through 
the skin. 

Now, we do take into account toxicity 
through skin uptake because the tritiated water itself 
will pass through the skin, but any activity that 
remains outside the body is not toxic to the body. 

DR. CONNELL: Just to follow up on that, 
if we go back to your testimony, Dr. Whillans, you said 
that pure tritium is 10 to the 4th curies per kilogram. 
Did that refer to tritiated water? 

DR. WHILLANS: Curies per gram, sorry. 


DR. CONNELL: Oh, my goodness. And 
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that's tritiated water, is it? 

DR. WHILLANS: We are throwing around 
factors of 10 to the 3 and 10 to the 15 pretty 
casually. But it's 10 to the 4th curies per gram for a 
tritium atom. 

DR. CONNELL: Right. And if the steady 
state in the heat transport system is 30 curies per 
kilogram, I assume that's also for -- 

DR. WHILLANS: That's per kilogram of 
moderator water. 

DR. CONNELL: I think it follows, then, 
if we take this lethal dose of .5 milligrams and we 
convert that to steady state water, there “e going to 
be a factor of 1.7 times 10 to the 6th in there, I 
think, in other words -- 

DR. WHILLANS: That sounds reasonable. I 
think the number I carry is that for moderator water, 
high activity water, something between a 10th and 1 
litre would give you an LD50. So since we were talking 
about the order of a milligram, which is about a 
mMillilitre, I think that's about right, but I think we 
should probably check if it is important. 

DR. CONNELL: So if you were offered half 
a milligram of it, you would probably swallow it 


without a second thought, would you? 
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DR. WHILLANS: Half a milligram of 
moderator water rather than pure tritium? 

DR. CONNELL: Yes. 

DR. WHILLANS: I have might have a second 
thought, but I would probably decide to swallow it if 
there were a benefit. [Laughter] 

MS. MCCLENAGHAN: Q. Well, Dr. Whillans, 
just to extend the hypothetical on a continued basis, 
and this is of course a hypothetical. The amount we 
looked at a few minutes ago, the 850,000 curies of 
tritium that had been emitted from Pickering and Bruce 
over those five years, if that amount were all consumed 
by human adults, then that would Hees to an effective 
population dose equivalent of by our calculations Be 
155,000 LD50 doses. 

DR. WHILLANS: A. Well, do you want us 
to check that number? I certainly can't confirm it 
without doing a calculation. 

Q. All right. Does it sound like it's 
wrong to you or out of line, or do you want to say 
subject to check? 

A. If you want to use that number in 
some subsequent questions, then I will accept it 
subject to check. 


So the number again was? 1.5 times 10 to 
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the how many? 

Q. 155,000 LD50 doses. 

A. /iOY tomthe S¥LD50s. 

Q. And if we were using the 12 person 
Sievert rate for fatal cancer, although I understand 
you mentioned 20, if we are using the 12 person sievert 
rate, those number of LD50 doses, if they were all 
consumed by human adults could be expected to lead to 
about 51,700 excess fatal cancers; would that be right? 

A. Well, we really are going too far 
here I think. Maybe we should look back at the direct 
evidence, because we do calculate the total person 
Sievert dose as a result of our emissions, and we 
calculate it for all the relevant populations, and the 
total in one year from all of our operations I think I 
gave as 1.75, and most of that was not tritium. 

So we are talking about something in the 
order of a person sievert per year maximum, five person 
Sieverts, and as I said again in the direct evidence, 
the number of fatal cancers that we believe may be 
induced as a result of all our operations, that 
includes the non-tritium emissions, was .1 per year, 
approximately. 

So, you had a number of some numbers of 


thousands. 
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op Yes. 

A. There is certainly something wrong 
with this calculation. 

Q. Because it's a hypothetical. It's 
assuming that all of those emissions over the five 
years were consumed by human adults. 

So my question is merely, if you made 
that assumption, which I recognize is extremely 
hypothetical, how many excess fatal cancers does that 
number produce on the dosimetry calculations we just 
pent through? 

A. Just to step back. The number you 
want me to confirm is that a certain number of 
emissions, a certain number of curies emitted over five 
years leads to a certain number of cancers; is that 
right? 

O25 bYesk« 

A. And the number is 8.5 times 10 to the 
Sthicuries=— 

Of tr Rights 

A. --of tritiated water. And the number 
of cancers you say is how many? 

Oo USLR700 

A. 517700." Do youcwant:me to check that 


now or over the break? 


Farr & Associates Repoarting, Inc. 


Whillans,Johansen, 23176 
Penn, Daly,King 
cr ex (McClenaghan) 


Q. We can check that over the break. 
That's using 12 person sieverts for the excess cancer 
or the fatal cancer. 

DR. CONNELL: I think we should have 
something to compare it to, ven hpe ingestion of the 
equivalent in flyash or photovoltaic collectors. 

DR. WHILLANS: Exactly. Perhaps Panel 
10. [Laughter]. 

THE CHAIRMAN: Perhaps we could take the 
break now and we will continue in another fifteen 
minutes. 

MR. B. CAMPBELL: Mr. Chairman, I'm 
sorry i, <4Drs Whillans and the others will no doubt get 
involved doing some calculations. Could we get 20 
Minutes so that they actually do get time having a 
little break and don't spend all their time doing 
calculations in what is supposed to be a break? 

THE CHAIRMAN: All right, 20 minutes. 

MR. B. CAMPBELL: Thank you. 

THE REGISTRAR: This hearing will take a 
20-minute recess. 

77 7Recess at 7:30 faim: 
---On resuming at 11:50 a.m. 
THE REGISTRAR: Please come to order. 


This hearing is now resumed. Please be seated. 
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DR. WHILLANS: I think I had agreed to 
check some numbers. 

MS. MCCLENAGHAN: Yes. Thank you, Dr. 
Whillans. 

DR. WHILLANS: Could I add a couple of 
things first before I do the correction? 

Dr. Connell had been helping with the 
conversion from tritium to tritiated water. I just 
wanted to point out that because we are talking about 
tritium, not hydrogen, the molecular weight is 6 and 
22,%SOurtise about: agfactor to£, ayinote 3: 

DR. CONNELL: Thank you. 

DR. WHILLANS: I also did check your .5 
milligrams and I agree itis of bthat torder. 4 That's, for 
pure tritium. 

The corresponding number for the highest 
activity water is the order of a quarter of a litre. 
The difference is because of what Dr. Connell was 
pointing out. 

Getting back to your number of fatal 
cancers. On the assumption that the emissions in those 
tables add up to 850,000 curies, which we haven't 
checked yet, and using the conversion Gabtorbh page 7 
that we referred to earlier, gives a total collective 


dose of 6.3 times 10 to 5 person sieverts. I would 
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like to compare that with the -- this was over five 
years, but about 1 person sievert per year in our 
environmental summary. So this is where the difference 
is, aS you point out. 

If you take that 6.3 times 10 to the 5 
person sieverts and on your assumption of on fatal 
cancer per 12 person sieverts, the number is about 
52,000. So I do confirm your number. And as I ee 
the difference is because of the very much larger 
population exposure if you assume that everyone, every 
bit of that tritium emission is taken up by someone. 

So basically I agree with your 
calculation on the assumptions that you made, but I 
think I should said ee that they are pretty 
hypothetical. 

MS. MCCLENAGHAN: Q. And as you are just 
stating, the differences between the hypothetical and 
what you report as the reality come from basically two 
places, and you can tell me if I am right about this, 
firstly, that you are predicting, Ontario Hydro is 
predicting that most of the tritium that goes into the 
water or into the air will actually not be consumed by 
humans, that's your prediction. 

DR. WHILLANS: A. I don't think we can 


call it a prediction because we are actually measuring 
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tritium in the environment, in the food and the air and 
the water, and the only thing that would be in the 
category of a prediction is assumptions about how much 
water people drink and so forth. 

Q. And that brings me to the other 
reason for the difference, which is that you have 
counted the tritium ingested or inhaled for the 
immediate neighbours, i.e., 25 to 30 kilometres around 
the plant and not any further than that; is that right? 

A. Well, it wasn't a hard rule of 25 or 
30 kilometres. It was estimating the, ae is called, 
local dose out to the point at which the dose would be 
1 per cent of the dose received by the so-called 
boundary fence exposure, which is already 1 per cent or 
so of the dose limit. 

So we are calculating to a cutoff, if you 
want to call it that, of about 10 to the minus 4 of the 
dose limit. 

Now it is true that low levels of 
activity will -- because tritium has a 12-year half 
time, will migrate out that region. But PEChHIinkwit: is 
not a particularly good nuclide to use to illustrate 
that concept, because there is such a large sink for 
water in the environment that migration - this is 


really an environmental question - but migration isn't 
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the same as it would for a Noble gas, for example. 

We talked with Dr. Connell much earlier 
about some of the Noble gases, and the concern that 
some of them and some of the daughters are relatively 
long lived. I think that's a different kind of 
Situation from tritium. 3 

Actually, if I can take this opportunity, 
when we were talking about I think I gave you an 
incomplete answer. You were concerned about I think 


why we weren't concerned about the very long lived 


Progeny daughters of some of those short-lived Noble 


gases. I think the answer of course is that the Noble 


gases are producing roughly equal yield, molecular 
yield, and if they decay in say nine hours, which was 
the case with xenon 135, to a daughter which has a 
two-and-a-half million year life, then the specific 
activity which is the decays per unit time must be 7 
orders of magnitude less for the long-lived progeny. 

Anyway, that was an aside to correct 
something that I failed to do earlier. 

Q. Now, in answering your question you 
just made reference again to the amount you are allowed 
to emit versus what you actually do emit. As I 
understand it, you try to keep your emissions at 1 per 


cent of the AECB's derived emission limits; is that 
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right? 

So in other words, you theoretically 
could emit 100 per cent of the number called the 
derived emission limit? 

A. Well, we have a target of 1 per cent, 
and as I am sure you are aware in the licence these 
numbers are referred to, so I don't think it would Be 
likely that we would be allowed to emit at 100 per 
cent. There are certain actions which must follow if 
we exceed the 1 per cent. 

Q. All right. And just to look at what 
the derived emission limit is, compared to the amount 
of tritium that you actually have in the reactor, or 
you might conceivably have. If I look at page 130 of 
the Exhibit 597, that table, as I understand it, is a 
statement of what the derived emission limits ee by 
radionuclide emission category, and that's your current 
standard; is that right? 

A. Generally, yes. They certainly were 
as of January 24th, but the Pickering DELs are being 
revised at the onetit and I don't know whether they 
have been approved or not. 

Q. If we use this number for the moment, 
then, as I look at this table, and if you add the air 


and water -- 
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THE CHAIRMAN: This table, has it got a 
reference anywhere? It a seems to be attached £6 a 
letter of January 24th, 1992 from Mr. Gillespie to Mr. 
Rubin. Is it an response to an interrogatory or what 
is it? 

MS. MCCLENAGHAN: Yes. Thank you, Mr. 
Chairman. it's a revision to a response to 
Interrogatory 2.2.8. 

THE CHAIRMAN: Which has already got a 
number, I believe. 

MS. MCCLENAGHAN: Yes. 

THE CHAIRMAN: So it's number what? 

THE REGISTRAR: .93. 

THE CHAIRMAN: .93, thank you. 


MS. MCCLENAGHAN: Q. Now, that table 


gives amounts, derives emission limits on the basis of 


a period of a week or a month as the case is, and if 
you add the derived emission limits permitted for 
tritium to air and tritium to water and multiply those 
by the 52 weeks or the 12 months, respectively E 
calculate that you arrive at 155 million curies is what 
you are allowed to emit ina year; is that right? 

DR. WHILLANS: A. Well, do you want me 
to check that now? 


This was from one facility or all 
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This is from Darlington. 


From Darlington. And just for 
And air. If you take both of them on 


But only tritiated water to air? 
Yes. 


Okay. So I take it you do want me to 


Well, maybe we can make it subject to 
that number sound like -- if you are 
-l times 10 to the 5th for H(2)O to air 


times 10 to the 7 for H(2)0O to water 


I think you are number is small; 


isn't it? Because just the water alone is 1.2 times 10 


to the 7 times 12, which gets it up to 1.4-something 


times to the 8, and you said 10 to the 6th, I believe. 


Q. 
the 8th. 


A. 


Q. 


No, 155 million or 1.5 times 10 to 


Yes, so that looks reasonable. 


And then if we look at what your 


evidence was earlier this morning as far as the amount 


of tritium that you had at Darlington, or could 
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conceivably have at the very most, you said that in the 
four units of the heat transport system there were 31.2 
million curies. 

MR. KING: A. TI Hawe done some 
calculations over the break and I think I have some 
numbers which are more in tune with what you were 
looking for. | 

You were looking for a total for both 
systems. So, for Darlington, for both moderator and 
heat transport systems, for four units, at the end of 
40 years with no TRF working, the number would be 126 
million curies. 

With the TRF working, it would be 4.1 
million curies. And I think that the value with the 
TRF working should be the value that is used in any 
calculation. 

Q. All right. My question, though, is 
to compare the amount we arrived at as being the 
derived emission limit for one year at Darlington, 
which was 155 million curies. 

DR. WHILLANS: A. Yes. 

0.50 Andtttowcompare that,-'to: it} dooks like 
the most you could ever have at Darlington for 40 years 
without the TRF working is 126 million curies. 


A. Yes. 
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Q. So there is obviously no way you can 
ever reach this limit. 

A. I think you should understand, I am 
sure you do, that the derived emission limits are based 
on potential risk to the public, dose to the public, 
and don't refer back to how much is available for 
release. 

So it's not surprising if the numbers 
don't match. For example, this Darlington DEL applies 
now, and the activity at Darlington is much less than 
the numbers Mr. King just gave. 

So they are a separate thing. They are a 
calculation which show what kinds of wuel eddies would be 
acceptable if you assumed that a certain level of 
exposure or risk to the public is acceptable. 

And I accept your numbers, that we 
couldn't release them at the moment. 

(12205 .p0.m... | 

Q. Just to conclude this point, Dr. 
Whillans, when there is reference made then to the 
emissions being at less than 1 per cent of the limit, 
of the derived emission limit, whether it's routine or 
by spill, you are talking about a number that is less 
than 1 per cent of the number you can't reach. You 


don't have that amount of stuff to emit that much; is 
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that right? 

A. At Darlington at the moment that 
seems to be true, yes. Subject to check on the numbers 
of course. 

Q. Dr. Whillans, you commented earlier 
in the hearing in Volume 126 at page 22051 about the 
biological half life of tritium oxide or tritiated 
water and said it was about -- 

THE CHAIRMAN: Give me the page again, 
please. 

MS. MCCLENAGHAN: 22051. 

Q. And you said that that biological 
half life was about ten days. Is that.... 

DR. WHILLANS: A. In an adult, yes. 

Q. As I understand it, this means that 
you are assuming that half of any ingested or inhaled 
quantity of tritiated water has been flushed out of the 
body by 10 days after it was initially taken in? 

A.ouYes)- ‘that's generally the idea. Of 
course that is an average and particularly for 
tritiated water it's quite variable. In the summer, 
for example, people are drinking, have a large food 
intake, it will be shorter. It will be a little bit 
higher in the minverk It's different for different 


individuals. Well, the 90 per cent confidence 
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intervals on it go from about 5 to 14 days in adults 
males alone. So, it's a good rough number but it does 
vary. 

Q. As I understand it, the committed 
effective dose equivalent conversion factor that Hydro 
uses takes that short biological half-life into | 
account? 

A. Well, the committed effective dose is 
a calculation which adds up the doses per unit time 
over the time that it is in the body. And so, as a 
reference number, just as a number we don't have other 
measurements, we would use the mean half time in the 
body. So yes, I agree. | 

O.PAna just to-clarify™ that, “that isa 
mean; it could be longer it could be shorter? 

A. Yes. As I said, it can vary by maybe 
a factor one-and-a-half or two. 

Q. So if in a particular situation the 
tritium actually stayed in a person's body for twice as 
long as the number that you have used, the effect would 
in fact be that it was twice as toxic; is that fair? 

A. Well, I guess I'm not sure whether we 
are talking about public dose calculations where we are 
making an estimate for doses that are, say, 1 per cent 


of background or something like that. In the work 
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place we don't make that assumption. We measure the 
activity where the levels are higher. We measure the 
activity weekly or bi-weekly and we calculate what the 
dose each day or each week is, and we don't make any 
assumption about the half time. And it comes out to a 
very Similar thing. But as I said, there could be a 
factor of two different, so we do the more accurate 
method. 

Q. But the particular point was that if 
the tritium did stay in a body twice as long, it would 
be twice as toxic? 

A. That's true. 

Q. Now in the hypothetical we looked at 
earlier, we calculated the population collective dose, 
an effect that we calculated, would have included only 
the toxic effect of the tritium for about two weeks; is 
that right? 

A. Which number are we talking about 
now. Is it the person sieverts as a result of 
emissions, I guess, are they? And they are calculated 
on the basis of a ten-day half life for adults anda 
different half life for infants. So two weeks, it is 
not a strict cut-off. In ten days half of it has gone; 
in another ten days three-quarters of it has gone and 


so forth. You lose a half each ten days. 
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of All right. And I understand that 
although the biological mean half life is 14 days, the 
isotopic mean life would be about 17 years. 

A. The radiological half-life of tritium 
is 12.3 years. So, the mean life is another term which 
is the half life divided by .69, so it's something a 
little bit bigger if you really mean the mean life. 

But the number we always talk about is the half life 
which is 12.3 years. 

Q. Or the average would be higher? 

A. Yes, okay. If you are using the term 
mean life, technically, yes, it's 1.4 times 12.3. 

Q. So we have seen that you have taken 
into account in the calculations the biological half 
life, i.e., the first say two weeks or so, but those 
calculations and Hydro's report as to what the 
population dose is don't take account of the balance of 
that time at all, do they? So in other words, if in 
the first two weeks tritium has been absorbed and 
flushed away from a body, there is still rddiated 
tritium going, for example, back into Lake Ontario and 
perhaps being taken up by somebody else somewhere else? 

A. You are making the point that the 
tritium remains after it has passed through one 


individual and is available for other uptakes? 
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© .f.Rightie 

A. Yes, that's certainly true. But the 
amount of tritium compared with the amount of water is 
so small that it's very unlikely. 

Q. So, what hi ie that's making you 
assume you no longer have to worry about it is the 
amount of dilution? 

A. Well, for example, we are checking 
over the break, I think, the comment that came from Dr. 
Connell. Even in the 33 per kilogram moderator water, 
something like 1 in 10 to the 6th hydrogen atoms is 
tritium, so even in that very high activity water there 
is a very, very trivial.«fraction..ofji--.well, trivial sn 
the sense of comparisons with the number of hydrogens 
that is actually tritium. And the concentrations in 
the environment are many orders of magnitude less. 

So I am just saying that the tritium has 
not decayed to helium yet, but it's unlikely to have 
reached the first exposed person and it is that much 
more unlikely to be recycled into someone else. 

QO... da Would slike: tot usn,i¢Dr sawha bans, 
to your evidence at Volume 121, page 21229. 

Ass. ax have: dite. 

Q. At the bottom of that page and over 


to the next, you stated or you told Ms. Harvie that the 
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measure of significance of exposure of populations from 
a societal point of view should be the total collective 
exposure integrated over the whole exposed population 
in units of person sieverts. 

THE CHAIRMAN: what page are you reading 
from? 

MS. MCCLENAGHAN: Page 21229. The 
measure of Sgn ueueance from a societal point of view 
should be the total collective exposure integrated over 
the whole exposed population in units of person 
sieverts. 

DR. WHILLANS: A. Yes, I said that and I 
agree with it. In this discussion we were talking 
about sort of a local context, but I wouldn't disagree 
that it’s also important in a global context. 

Q. In this discussion you mean the 
discussion we have just had this morning? 

A. Right. 

Q. As opposed to this evidence? 

A. Yes. 

Q. Yes. And your slide 39 set out, as I 
understand it, that total collective exposure, total 
population collective dose assessment from all Ontario 
Hydro activities? 


A. Well, that's the distinction I was 
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just making. This is what you would probably call in 
an UNSCEAR context a local or regional -- a local, 
actually, collective dose. So, I didn't make the 
distinction here just for simplicity, but it isn't the 
total collective dose, I agree. 

Q. So is there a significant difference 
between what the numbers in slide 39 would say if it 
was the total population collective dose Bee 
that you were showing as opposed to just the local? 

A. Well, you are getting into an 
important but a very complicated area. And I would 
refer you to UNSCEAR, for example, as a place where all 
the complications are explored. 

Depralunteecthete are long-lived nuclides 
which we emit and which are not included in this 
calculation, and the kinds of complications are, for 
example, that we, as I said a few minutes ago, we 
calculate the doses out to the point where the 
individual dose is about one-ten thousandth of 
background or of the annual dose limit for similar 
numbers. 

Beyond that is a great deal of 


uncertainty in the measurements because we can't detect 


some of these activities 1,000 miles away. Their 


importance in relation to other sources of those 
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activities, for example, tritium and carbon-14, are 
both produced in the upper atmosphere and the bulk of 
the world's source comes from those sources, not from 
Ontario Hydro or nuclear power generation. 

Then, in addition, these are based on 
committed doses as you said. These are the doses that 
are received over time. And you showed us a table 
which went out to 10 million years. There is obviously 
concerns about how you calculate doses that will be 
received in 10 million years because these calculations 
necessarily depend on population densities, habits 
practices. Do we still eat vegetables, that sort of 
thing. 

Sout am just Saying that this whole idea 
of total collective dose is one which is certainly 
considered by people who produce radionuclides and the 
answer to your question is, yes, that number would be 
bigger than the number I have shown here. But I didn't 
present it in this context for the reasons I have just 
given: that you have to look at it in quite a 
different perspective. | 

Q. So really slide 39, to be accurate, 
should have a big label across the top that says 
mlocaus J 


A. That would be accurate, yes. This is 
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the local collective dose assessment, by most 
definitions of local, which takes it out to a few 
hundred kilometres. 

Q. Now wouldn't it be fair to say that 
it would be important to calculate the total collective 
population dose beyond the local area to find out what 
is the total impact, total harm that that activity 
Might be causing? 

A. Well, as I said, we certainly, we and 
the Atomic Energy Control Board, and ICRP and UNSCEAR 
certainly do consider these things. It's not just a 
simple ay trace aer as I think we were going through 
with your calculation of how many fatal cancers could 
have been caused if all of the tritium had been inhaled 
Or ingested. Because you have to now take into account 
whether the tritium, for example, that goes into Lake 
Ontario will decay before it ever reaches another 
source of the population and whether some other nuclide 
that goes into the air will decay in the air before 
it's ever likely to have been inhaled by someone. 

So there are a lot of other assumptions 
that have to go into those calculations, and we do do 
those but they are very uncertain and they generally 
result in numbers which, for individuals outside the 


local area, are so far below their background dose that 
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you have to really think about the context when you try 
to ascribe some kind of health effect to it. 

} Q. When you mention that you are taking 
into account the impact of the emissions, my 
understanding is that it's only the impact to humans 
that is being taken account of; is that right? 

A. Well, I believe Mr. Johansen gave rc 
his direct the ICRP view on this, which is that if you 
protect humans you will protect other species. 
Individuals and other species may be harmed if they 
happen to live at the outfall of the discharge, but 
whole species are not at risk. 

Q. So other than that assumption Chag oh 
humans aren't harmed other species won't be harmed, 
there is no other regulatory limit on emissions 
vis-a-vis any other species? It's just humans EnBE are 
considered in these regulations? 

A. I think you should ask Mr. Johansen 
if he wants to add to that. 

MR. JOHANSEN: A. That's basically true. 

Q. I would like to turn you to page 36 
of Exhibit 597. And I take it this would be a document 
that you would be familiar with and a committee that 
you would be familiar with: The Advisory Committee on. 


Radiological Protection of the AECB? 
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DR. WHILLANS: A. I am generally 
them, yes. 

Q. And this particular document is 
with an information No. 0340. And we 
certain excerpts from that document in 
pages. 

THE CHAIRMAN: Perhaps we should give 
a number then, exhibit number. 


THE REGISTRAR: The exhibit number is 


THE CHAIRMAN: Thank you. We have 
598. 
THE REGISTRAR: 599. 


MS. MCCLENAGHAN: Thank you. 


<~sBXBTBLIT ONO. 


599: Document from The Advisory 
Committee on Radiological Protection of 
the AECB, dated November 1989, with 
information No. 0340 thereon. 


MS. MCCLENAGHAN: Q. Now, I take it that 


you would agree with the very first sentence in the 


document at page 1 that: 


"The major goal of radiation 
protection in Canada is to ensure that 
individuals, their progeny, and mankind 
as a whole are adequately protected 


against the harm that might arise from 
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unwarranted exposure to ionizing 


radiation." 

DR. WHILLANS: A. I would 
that. 

Q. And the next paragraph 


would you agree with this, that: 


agree with 


says, and 


"Exposure to low doses of ionizing 


radiation at low dose rates is assumed to 


increase the incidence of fatal cancers 


and genetic disorders in the human 


population by a small fraction which 


increases in direct proportion to the 


total radiation dose." 


A. Yes, I agree. I take it by a small 


fraction that means of the normal incidence...? Yes, I 


think that's what it means and I do agree. 


Q. All right. And this document on page 


5 contains a statement that I believe you -- 


A. This is page 5 of your 

Q. Sorry. Page 38 of the 
page 5 of the document. 

As, Sorry. 

Q. And I believe you have 


earlier and would agree that there is an 
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that there is linearity between the dose and the cancer 
risk? 

A. Well, I believe what I said was that 
from the evidence that's available to date on human 
populations, one cannot demonstrate a threshold, for 
example, cannot demonstrate anything statistically 
stronger than a eines response for solid cancers. 

There are certainly people who believe 
that the response should be stronger than that; that 
is, that the linear response under-estimates the dose. 
I think that might be the position of your client. 

There are certainly people on the other 
side who believe that low doses of radiation are 
protective. This is the general area of hormesis, and 
I think my view of that is that it is another theory. 
There is no conclusive evidence to demonstrate it. But 
it isn't something which is just postulated by fringe 
scientists. 

[1223 0epimsy] 
The idea that low doses will stimulate 


repair mechanisms is quite a credible biological 


mechanism, and there have been large international 


conferences and recent books describing this sort of 
thing. 


So I guess what I am saying is there is a 
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balance. And what the ICRP and Ontario Hydro accept is 


that the linear no-threshold response is a reasonable 


basis and probably conservative in the sense that we 
will assume there is harm attached to every exposure no 
matter how low. 

Q. And would you also agree, as this 
document states, that that's the hypothesis that best 
fits the evidence that's available? 

A. What sort of evidence are we talking 
about here? 

You are referring specifically to the 
first paragraph on page 38? 

| Q. Yes. They say the presumptive bine 
four lines down: The presumptive evidence in favour of 
linearity includes, and then they set out three points. 

A. Well, given that this is a 1989 
document and this a very rapidly changing field, I 
don't really disagree with this. I guess I should 
point out, in fairness, that when we are talking about 
ee response, we are not talking about the .01 
millisieverts as a result of a tritium emission in 
isolation. It's .01 on top of the 3 millisieverts of 
background. 

So we are not talking about the very end 


of the dose response curve; we are talking about a 
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region which is in the low region compared with high 
dose exposures in the bombings in Japan, but still not 
at.zero, I agree. 

Q. I should just refer you to page 56, 
Or page 45 in our exhibit, which lists the members of 
the Advisory Committee on Radiological Protection, the 
Working Group on Basic Objectives of Radiation 
Protection, and I take it that some of those 
individuals you would be familiar with; is that right? 

| A. Yes. This is the working group, not 
the whole Advisory Committee, and I am familiar aren 
some of those people, yes. 

Q. And some of them, for example, Mr. 
Newcombe, Mr. Myers, Mr. Marko, are from AECL; is that 
right? 

A. Dr. Marko has retired, Dr. Newcombe 
has long retired, and Dr. Myers is retired, but they 
all did at one time work at AECL, yes. 

Q. Now, I would like to refer you to 
page 39 of the exhibit, and sande instante the statement 
contained there, about six lines from the bottom, where 
it says, following footnote 20, that: 

Reduction of individual doses is not 
the only goal. More important is the 


reduction of collective dose. 
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Would you agree with that? 

A. Well, I think this follows from what 
we have just been saying, that if we assumé a linear 
response, then small doses to a large number of people 
carry the same weight as larger doses to a smaller 
number of people, if the total collective dose is 
equal. 

Q. So that's why collective dose 
reduction is eee acas 

A. It is important, yes. 

When they say more important, I think it 
should be in the context that I just mentioned, we 
would look at the total coil pcedveudose and we would 
not want to take actions which reduce individual Bee sit 
a large increase on the collective dose. 

Q. Now, this is in the context of a 
topic called ALARA at this particular page, which I 
understand stands for as low as reasonably achievable, 
and I think you have talked about that before in this 
hearing. I understand that that process or that 
analysis as stated on page 14 amounts to - or page 40 
of the exhibit, pardon me - amounts to a cost/benefit 
analysis. In other words, what trade-offs should be 
made in reducing collective doses; is that fair? 


Asmeiathinkatha tull sefEairs 
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The full phrase is usually as low as 
reasonably achievable, social and economic costs being 
taken into account, factors being taken into account. 

And yes, I think in my direct evidence I 
talked about the ICRP system which was based on 
justification, optimization and individual limits, and 
optimization is a cost/benefit process and that's where 
ALARA fits in. 

Q. Right. And that's the approach that 
in fact Ontario Hydro does take in assessing whether 
there should be abatement or a reduction of collective 
population doses; is that right? 

A. I think generally, yes. As you may 
well be aware, there are problems when you get into the 
details of what costs should be assigned, and if we 
moving on to the ALARA process, there is an ACRP report 
on that as well, there are social factors which are 
very hard to estimate, effects on perceived risk and 
things like that. 

So what I am saying is that we do take it 
into account. It's not a matter of being sort of 
accountants and putting down so much dollars on one 
side and so many on the other and deciding whether it's 
a beneficial activity. I think we have to apply 


judgment. But we do use it, yes, certainly. 
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Q. ious continuing on page 40 of the 
exhibit, under the topic collective dose commitment, a 
statement is made in the second paragraph under that 
topic: 

That human activities involving the 
production of radioactive materials with 
long half lives necessitate consideration 
of the potential health effects of 
radiation received from these materials 
in the future. This consideration is of 
particular importance in the management 
of radioactive wastes. 

The term collective dose commitment is 
used to define the collective radiation 
dose to all persons summed over the whole 
earth and all time. 

And would you agree with the statement 
that's there? 

A. Yes, I would agree. 

Q. Then it continues in the next 
paragraph to say that: 

If the assumption of a non-threshold 
dose response relationship for radiation 
effects is correct, a summation over all 


time and space is necessarily involved in 
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the balancing of a given units of social 
benefit against the collective harm 
associated with the production of that 
unit of benefit. 
Would you agree eten it tosthate point? 
A. Generally, yes. 
Q. They say: 

Given our present state of knowledge 
it is generally not possible to sum 
collective benefits to humanity froma 


given current practice over all time and 


space. 


And do you agree with that? 


A. Over all time and space, yes, I agree 


Q. Then at the end of the paragraph it 


For those reasons it seems practical 
and realistic to establish appropriate 
cut-offs in the summation process. 


And I think you were talking that earlier 


A. “Yes* 
Q. Now, it goes on to say here that: 


A cut-off or integration limit ina 
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summation over space is generally 
regarded as acceptable, provided the 
distance to the cut-off is sufficient to 
ensure that the true summation to the 
total global population is not grossly 
underestimated. 


Would you accept that as a fair 


A. Yes. 
Q. And then it goes on to say: 

For example, a summation of doses from 
airborne releases of short-lived 
radionuclides such as radon 222 with a 
half ikea of 3.8 days to the boundary of 
Canada plus continental USA would not 
seriously underestimate the collective 
dose to the population of the earth. 

Is that fair? 
A. Yes. 
Qs titesays: 
The same procedure might 


understatement global doses by a larger 


factor anthe case of airborne releases 


of long-lived radionuclides such as 


carbon-14 with a half life of 57,030 and 
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30 years. 

Is that fair? 

A. Yes. 

Q. A then it says: 

In the latter case, i.e., carbon-14, 
the collective dose would be more 
appropriately summed for the whole 
population of the earth. 

Is that fair? 
A. Yes, that's fair. 


Q. And then it goes on to give some 


The next paragraph states that: 

The engine Gf) cuteofiiefor sthe 
corresponding summations over time 
represents a more difficult problem 
especially for those nuclides with very 
long half lives. 

I take it you would agree with that. 
A. Yes. 


Q. Then it's speaking of alternatives at 


A, B and C, about how to take account of the aifficolty 


regarding time, and it states: 


(A) that there are those who favour 


short-term summation only, for example, 
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over something like 100 years as 

representing the foreseeable future. 

A. Yes. The sentence you left out, I 
think, if we are going to use the ACRP report, you 
should see this one as well. 

There is almost universal mistrust of 
the practical significance of results 
from theoretical calculations of dose 
commitments and harm commitments 
extending millions of years into a 
distant future, it becomes increasingly 
unforeseeable with advancing time. 

I think that is a better stated way of 
stating what I said earlier, that you get very quickly 
beyond the period of, say, 100 years, into situations 
where it's very difficult to make predictions about 
some of the very key assumptions. And so that is why 
their statement A comes. 

Q. So it goes on to speak about what the 
alternatives are to calculating the results over the 
millions of years; right? | 

A. This iS paragraph B? 

Q. Yes, A, B and C are all alternatives 
to calculating it over millions of years, is that -- 


Ate Thatisiraghts 
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Q. So it’s saying some favour short-term 
summation, something like 100 years. Would you agree 
that that's short-term summation? 

A. I believe the number that has been 
variously recommended by the AECB is 100, UNSCEAR 
suggests something like 100 or sometimes 500. But they 
are all in the range of say 1- to 500 years. 

Now, when it says others favours periods 
like 10,000 years, that's certainly the kind of number 
or even a larger number that is used by groups such as 
your client, I guess, but also by groups such as 
UNSCEAR in a particular context. And as long as you 
keep in perspective what the context is, I don't think 
there is any problem in using numbers like that. 

Q. Numbers like 10,000 years? 

AeThatis mighe. 

There are certainly some things that we 
can say with some certainly about periods out to 10,000 
years. I don't think anybody would doubt that the half 
life of carbon-14 is not going to change over 10,000 
years, but the other assumptions about practices and 
population distributions and so forth become very, very 
Gsificultitouwredictit And also the importance of 
certain measures of harm are very hard to predict in 


10,000 years. If we are talking about, for instance, 
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your calculation about fatal cancers, I don't think we 
know what the likelihood that fatal cancer is going to 
be serious is in 10,000 years. 

Q. The paragraph following A, B and C 
makes the statement that: 

The importance of ALARA would be 
downgraded if no attempt were made to 
estimate the potential collective dose 
commitment summed over all space and time 
which might result from the production of 
a given unit of collective benefit. 

And it goes on to Say: 

The estimate can be valuable, for 
example, in attempting to decide which of 
the various options available might be 

logically selected for the Bhaeenent of 

long-lived radioactive wastes. 

And I take it you would agree with that 
statement? 

A. I would agree. I don't know whether 
you want a eas from Mr. Johansen as well. 

Q. Mr. Johansen, do you have any problem 
with that? 

MR. JOHANSEN: A. No, no problem. 


DR. WHILLANS: A. We did again stop just 
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before another important sentence which was: 


out. 


That the practical value of the 
summation could become invalid if too 
much weight were given to extremely 
uncertain dose contributions in the 
distant future. 


I think that's what I am trying to point 


Q. Yes. And then it goes on to Say: 

Predictions over tens, hundreds or 
even thousands of years may be useful 
guides as to consequences of present 
actions, but predictions over hundreds of 
thousands or millions of years are 
generally considered to be of very little 
practical relevance. 


tees thats efronva: particular 


reference, but I think that's generally fair. 


Q. In page 42 of the exhibit, the third 


Paragraph down, this is under the topic the de minimis 


concept, and I think that's what you were talking about 


earlier. 


It says: 


The collective dose resulting from 
dispersal of small amounts of long-lived 


radionuclides in the biosphere might be 
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considered too large to be negligible 
from a societal point view, even if dose 
rates to individuals were very low. For 
this reason de minimis collective dose 
rates should also be considered. Thus, a 
given source could not be considered de 
minimis unless it met both the individual 
and collective dose rate criteria. 


Is that a statement that you can agree 


A. I can agree with that. 
Q. And then the next paragraph says: 
Some of the other factors to be 
considered in establishing de minimis 
values for collective dose rates include 
the possibility of large numbers of 
activities in many countries around the 
world, each resulting in very small doses 
to people in Canada. Moreover, doses 
from continued releases of long-lived 
radionuclides such as carbon-14 would be 
cumulative. 


And I take it you would agree with that 


A. Yes, yes. 


Farr & Associates Repoarting, Inc. 


24 


25 


Whillans,Johansen, aieie 
Penn,Daly,King 
cr ex (McClenaghan) 


Q. And then finally the paragraph at the 
end of this topic says: 

One of the main objectives of 
radiation protection is to ensure that 
the collective harm to society from a 
given activity will be a small as 
so8s2b1e in comparison with the 
collective benefit. 

I think we talked about that as being 
ALARA. 

It says: 

Where a collective dose can be reduced 
cheaply and in a cost-effective manner, 
this should be done regardless of whether 
Or not that does exceeds a de minimis 
criterion. 

Would you agree with that? 

A. I think generally, yes. 

There is obviously a value judgment 
alluded to here, cheaply, but as a principle? lidom't 
disagree. 

Q. Now, I would like to turn to page 47 
of the exhibit, which is an excerpt from your Exhibit 
907. And at bottom of page 47, under the topic Local 


and Regional Collective Dose, it is stated: 
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The dose received by a population is 
of more interest in this section as it 
provides a measure of the collective 
impact of the source of radiation 
exposure. 

And you told us a few minutes ago that 
the slide on page 46, your slide 39, is really a local 
population collective dose assessment slide. 

A. Right. I am just trying to be 
careful here because we have been talking about the 
importance of, sort of, global collective dose, but 
they are really saying collective dose. 

In the context of Exhibit 507 and my 
direct evidence, I was using collective dose correctly, 
but it was a local collective dose. So we are talking 
a little bit about the different things but the 
principle is the same, yes. 

Q. So, for example, at page 48 of the 
exhibit, the report states that the population 
eeitecnive dose value used in the report is taken -- 
first of all at it references a study, Ontario Hydro 
1991E, from which this information was taken. 

A. I believe that is one of our 
exhibits. 


Q. Yes. And it's also attached at page 
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55 “ofthis! exhibit. 


A. 


Q. 


That's correct. 


And so at page 48 it mentions that: 


The population dose in the study for 


airborne tritium and Noble gas emissions 


is calculated out to a distance from each 


reactor site... which you told us about 


before. ...at which individual dose or 


exposure is 1 per cent of that at the 


boundary. 


A. 


Q. 


That's correct. 


Then it goes on to say for Pickering, 


Darlington and Bruce this is about 30 kilometres from 


the stations. 


yes. 


Q. 


For the airborne, that's correct, 


And then population collective dose 


for emissions to water, a couple of sentences later, is 


calculated using 


the population served by water supply 


plants within a 25 kilometre radius of each site, and 


that's what is been used in preparing your evidence 


about population dose? 


A. 


Q. 


Yes. 


And then you go on to, or in the 


exhibit it goes on to state that: 
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It is possible to calculate for 

long-lived and mobile radionuclides a 

regional and global collective dose 

assessment and to integrate those doses 
for future times. However, the 
individual doses that would be exrbatatea 
are highly uncertain and exceedingly 
small and the additional implied risk 
would be below any meaningful quantity. 

Is it that something you agree with? 

A. Well, I agree subject to noting that 
in this particular part of the presentation they are 
trying to give perspective on pitaiy Laas risks and not 
really making a comment on collective dose or | 
collective risk. 

I am just saying that we are talking here 
about calculating doses out to the point where the 
individual doses are quite small and become uncertain. 

Other parts of this document and 
certainly other Hydro documents talk about the 
collective dose aspect. 

Q. I read your slide 39 as saying total 
population collective dose assessment. 
fal? SAT Pp aaes 


A. Well, we agreed that that was a total 
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local-- 

Q. Local. 

A. --population collective dose 
assessment, yes. 

Q. Am I right in understanding that the 
local dose assessment that you have set out in slide 
39, and that you yoeaniee on page 47 of this exhibit, 
and 48, is a reflection of your or Ontario Hydro's 
estimate of the appropriate cut-offs under which they 
are measuring most of, or almost all of, the population 
dose effect? 

A. I don't think it said the cut-offs 
were necessarily measuring all of the population dose ° 
effect. Maybe we should refer back to where that was 
Stated. But I think the point is that for the purpose 
of estimating local impact, these cut-offs are believed 
to be appropriate and they are not numbers that Hydro 
has derived; they are recommendations on cut-offs from 
ICRP, from UNSCEAR and from the AECB and we apply them. 

Q. So these numbers and what Ontario 
Hydro does, does not measure and you aren't stating 
here what the population collective dose assessment is 
from Ontario Hydro activities? You are Saying, you are 
just showing what the individual risk ithe a very 


specific geographical area is? 
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A. In this report that is what we are 
stating there. We also provide, for example, numbers 
to UNSCEAR. And in UNSCEAR there are many pages of 
discussion about collective dose to world populations, 
say from carbon-14, nuclear power generation, and there 
will be numbers for heavy water reactors and so forth. 

That kind of evidence, that integrated 
evidence is based on information that we and other 
groups provide to them. And I think if we refer to 
that report, for example, we can see the other side of 
the impact of our emissions. 

Q. Was that part of your direct 
evidence? 

A. I didn't present any information from 
UNSCEAR, to my knowledge. 

Q. So, no information on global 
population collective dose assessment was presented in 
your direct evidence? 

Asecladon't think? so,stno< 

Q. Now beginning at page 55 is the 
report that was referenced a moment ago in your exhibit 
507 I believe. 

A. Yes. Well, the interrogatory number 
is shown above. It was provided in response to an 


interrogatory. 
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Q. -Interrogatory 9.17.36. 

A. 36, I think, yes. 

THE REGISTRAR: That is 520.15. 

MS. MCCLENAGHAN: Thank you. 

Q. So this report that we are now 
looking at is the report containing information from 
which Exhibit 507 was prepared in this context; is that 
right? 

A. Well, 507 drew information from a 
number of sources. | 

Q. Sure. 

A. And this is one of the annual 
summaries which contributed information, yes. 

Q. Then again on page 56 of this exhibit 
under the topic "Population Collective Dose 
Assessment", it says the population collective dose is 
the sum of all the individual doses received by a 
subject population. Is that right? 

A. That's correct. 

OO. sButitthatis 5 

A. That statement stands on its own. 
Now I think you have been questioning whether what I 
called on my overhead Collective Dose was really a 
local collective dose and I agree that it was. 


Q. Right. And you applied a cut-off 
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within an area of the Ontario Hydro stations that you 
were looking at? 

A. That's right. The buttore was 
applied based on fractions of maximum dose, and that's 
a little ditferent criterion, for example, from what 
UNSCEAR calls a local dose. I think they give you > 
distances out to a few hundred kilometres. There would 
not have been any significant additional dose on that 
region in our numbers the collective dose would have 
been very similar. 

Q. But if you did it on a global basis, 
wOuLG ite 

A. On a global basis would be a 
different number, yes. 

Mr. Johansen was -- maybe you are heading 
that way, but he was referring me to the statement on 
page 57 opposite: 

"Again, global collective dose 
assessments could be made, but the 
additional individual doses that would be 
summed beyond the present cutoff would be 
well below any meaningful quantity in 
terms of health risk." 

Individual health risk. 


Q. Right. But what about the concept of 
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collective population dose that we were looking at 
earlier in the AECB regulatory working group study? 

A. Yes, that is important, I agree. 

Q. But that's not what they are talking 
about here? | 

AS] TLS NOP ine this" Feporh, eno. 

Q. I think you should recognize the 
importance of this annual summary is to document in one 
place for presentation for review by the AECB for 
example but also for public information all the 
environmental and emissions measurements over that year 
from all the stations, and it's essentially a set of 
tables with a bit of commentary abdut Significance and 
it doesn't represent, you know, the entire body of 
information that Hydro has on collective dose. 

Q. You know, on page 57 under the topic 
Airborne C(14) Emissions, firstly the statement is 
contained that: 

"Only the population collective dose 
due to consumption of food grown in the 
vicinity geen nuclear stations is 
considered." 

I take it that's accurate? 

A. I assume so, yes. 


Q. And then it says towards the end of 
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the paragraph, just Peete the statement you just read 
to us: 

"As with the calculation of population 
collective dose from airborne emissions, 
the integration cutoff ignores any 
possible wider area or global impact." 
Again global collective dose assessments 

could be made and you read us that. So that's 
accurate, is it? 

A. Sorry, I was having trouble finding 
it but I have it now. 

Q. Just after footnote 6. 

A. Yes. Okay, yes. 

Q. And I see from the middle of the 
paragraph that the area being considered with respect 
to the consumption of food grown in the vicinity of 
nuclear stations is apparently Pickering 10 kilometres 
and Bruce 5 kilometres and Darlington is assumed to be 
the same as Pickering? 

A. Yes, in the previous sentence it 
talked about how those numbers were arrived at. 

Q. And so you are saying -- 

A. I think if we are going to talk about 
the carbon-14 dose calculation we should probably read 


the whole paragraph and in the order in which it flows. 
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But basically these are the numbers, yes, and there is 


a reason why they were picked. 


start back: 


background. 


Q. And what is that? 


A. Well, then, let's read it. I will 


"Thus the population collective dose 
may be calculated by multiplying the 
total excess carbon-14 content of the 
food by the dose conversion factor. The 
total excess carbon-14 is obtained by 
integrating the excess carbon-14 content 
of food produced in the ace from the 
boundary fence out to a'distance at which 
an individual consuming all of his food 
requirements from food grown at that 
location would receive an annual dose of 
1 microsievert from excess carbon-14." 


Compare that with the 3 millisievert 


"The carbon-14 specific activity 
corresponding to this dose is 100 
becquerels per kilogram of carbon above 
background. The corresponding distances 
for this Specific activity are: 


Pickering, 10 kilometres; BNPD, 5 
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kilometres. Darlington is assumed to be 

the same as Pickering." 

And so forth. 

THE CHAIRMAN:. Sorry, are you reading 
fron — 

DR. WHILLANS: I'm sorry. I'm reading 
from the earlier part of the same paragraph, 7.2.2 on 


page 57. 


THE CHAIRMAN: I have got it. 
DR. WHILLANS: And I was just trying to 
give -- well, I think I was asked something about how 


these numbers were Aor wed at and I was trying to give 
the full context here. 

THE CHAIRMAN: Okay. 

DR. WHILLANS: So basically the cut-offs 
were developed from a dose of one microsievert to an 
individual. 

MS. MCCLENAGHAN: I would like to turn 
your to page. -— 

THE CHAIRMAN: Are you going on to 
something else? 

MS. McCLENAGHAN: This would be an 
appropriate time for a break, Mr. Chairman. 


THE CHAIRMAN: We will break now until 
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~—- BDUNCNeONY recess at 12.97 40.M. 
---On resuming at 2:34 p.m 

THE REGISTRAR: This hearing is again in 
session. Be seated, please. 

THE CHAIRMAN: Ms. McClenaghan. 

MS. MCCLENAGHAN: Mr. Chairman, before I 
Start, it occurred to me over the break that I 
neglected to introduce Mr. Rubin, who is sitting beside 
me during this cross-examination. 

THE CHAIRMAN: I hesitate to say that Mr. 
Rubin needs no introduction, so I perhaps didn't say 
it, but it will no doubt will appear on the record. 

DR. CONNELL: I wonder if 1 might just 
interpolate a question that is related to some of the 
discussion we had this morning directed to Dr. 
Whillans. I am thinking of the tritium emissions 
question, Dr. Whillans, and I just put it to you 
whether this approach might shed some light on it. 

If you consider the natural occurrence of 
tritium, I think it is probably safe to assume that 
most of the world's supply would be in water. Do you 
agree with that? 

DR. WHILLANS: I think that's correct. 

DR. CONNELL: That would far outweigh, 


Say, the hydrocarbons and other major reservoirs? 
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DR. ~WHILLANS:. Perhaps I.am,not qualified 
to comment. That's my impression, but do you have 
another view? 

MR. JOHANSEN: No. 

DR. WHILLANS: Subject to check, that's 
aa ie hoe 

DR. CONNELL: Anyway at least insofar as 
the reservoirs which are reasonably freely 
equilibrated, Tsthink water must be the dominant one. 

DR. WHILLANS¢».1 think «sos 

DE~ CONNELL hoThensiathink wepycansalso 
assume that there is a steady state level of tritium in 
the global water supply and that steady state would be 
thesresulltant,of-thesraterot,decay, that.12.3-year.half 
life, and the rate of generation of tritium by whatever 
means. 

DR. WHILLANS: Right. In the upper 
atmosphere. 

DR. CONNELL: Yes. So if you make an 
assumption of so much water in the globe and so much 
boiClUMsasSearconstituent; .asa.congtantsfraction.of 
that water, then if you start before there were any 
heavy water nuclear generating plants and if you 
imagine that the rate of production of tritium would 


have increased to a very small extent because of the 
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plants that Ontario Hydro has put in place, and because 
now you have stepped up the rate of production just 
Slightly, presumably the steady state level of tritium 
would be a little bit higher than it would have been in 
the pre-nuclear age. Are you following me so far? 

DR. WHILLANS: I'm not exactly sure where 
you are: going). bat fothmnkviramnso blowing lycu, yes. 

DR. CONNELL: Well, I will just leave 
this with you as a question: Do you think it would be 
informative - I expect it would be quite a simple 
matter to calculate that increment in the steady state 
and I think you have given us enough data this morning 
to do it - whether it would be illuminating to know the 
degree to which the global tritium level has increased 
as anresulteot Bvdrors Contribution tom! &, 

I think this may be an alternative way to 
explore the kinds of questions that Ms. McClenaghan was 
pointing to; that is, when the tritium get very widely 
diluted, as it undoubtedly would on passing through one 
Or more Organisms and passing into the waters of Lake 
Ontario and so on, that it seems to me unproductive to 
Cry to filace pulses of Critium in tnats way and imagine 
any effects that they might have. 

But 2h vou "could. just 2ook atthe. entire 


biosphere and say globally the increment as being .001 
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per cent or what have you in the natural abundance as a 
result of the newly established steady state, that it 
might be illuminating -- on the other hand it might 
Nowe 

DR. WHILLANS: I agree that might be 
heiprugay piesytrueidoritratium and also for’ carbon-14 
that the world supply is not a result of nuclear 
activities and -- well, I should let her agree or not 
that it would be useful. 

Buta Tp thankothe Looe nebnat people 
sometimes have is that although there is a total world 
pan ak biog of tritium, Gthesstuidathares atuthe bettom of 
the oceans is not actually available to the ae extent 
as surface waters and so forth, so you have to take 
into account some of these other subtleties. But 
certainly the simple calculation of the total inventory 
of tritium in comparison with what has been produced by 
nuclear generation would be a useful subject to that 
kind of comment. 

And the same applies to carbon as well. 
We talked quite a lot this morning about -- I guess we 
were talking about whether we adequately take into 
account the global implications of carbon-14 and we 
talked a bit about how UNSCEAR tries do this. I was 


alsorgeangato seferstofansNEGRPavepogt No. 81 called 


Farr & Associates Repoarting, Inc. 


24 


z5 


Whillans,Johansen, | Py cede 
Penn,Daly,King 
cr ex (McClenaghan) 


Carbon-14 in the Environment, where it points out that 
the carbon-14 exposure of the world's ep he aehions omy 
1 per cent of that is due to all nuclear generation. 
And there are other sources which quite outweigh it 
evenifor speciface nuclides: andy although, itis 
important that we be responsible for all the activity 
we disperse, I think we do have to keep it in context. 

MS. McCLENAGHAN: Q.°- 1£ you are going to 
provide that information, I would request that you 
provide that information for carbon-14 as well. 

DR: WHILLANS: A.° That was carbon—14 
that I just mentioned, yes. 

Q. So you are Say ina ltd 1ShASperseent 
for allows 

Alm. TRLSAISENOL. annexhu bitvGoud done t 
Know whether it's reasonable to reference it. But this 
ishreportsNoza81) ini the, NCRPeseriésa cites! datadii985 
and it's called Carbon-14 in the Environment. 

Well, for example, there is a graph on 
page 66 which gives the total carbon-14 dose of those 
from fallout and those from nuclear power on a five-log 
scale and shows that for the foreseeable future nuclear 
power will contribute no more than 1 per dene even to 
the carbon-14 doses. 


And on page 65 it says the dose to human 
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beings from carbon-14 will be insignificant for the 
foreseeable future. The contribution from Fallout will 
continue to decrease with time and that from nuclear 
power production will increase, but will remain at a 
level 2 orders of magnitude less than that from 
naturally produced carbon-14. 

So as I Say sheeie Tathoenk es tes 
important, and especially when we are not talking only 
about carbon-14 but other long-lived nuclides, to be 
responsible, I think we do have to keep it in context _ 
that there are other sources of even that nuclide which 
far outweigh reactor generation. 

Or eel gthinks hi tineocorreckh, ba} 
Connell's question was directed to how much the Ontario 
Hydro generating plants increase -- 

A. oThat’s to thesworld!s.inventory: 

Or aeVes. 

A. And you would like that number for 
Eritium and forvlcasbous!42 

Q. Yes, because I take it that you would 
be able to advise if you are using the 1 per cent 
Figure from the reference you just gave as to what 
proportion of that 1 per cent is due to CANDU nuclear 
generation as opposed to other kinds of nuclear 


generation. 
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A. We can certainly get that number if 
you"i7ke™ 

MR. B. CAMPBELL: I think we better have 
an undertaking number so we can find it. 

THE "REGISTRAR: © That= wold be 532.9. 

THE CHAIRMAN: nro. 

---UNDERTAKING NO. S32) 9 Ontarro nydto undertakes sto 
provide what proportion of the 1 per cent 
from report No. 81 in the NCRP series, 
dated 1985, Carbon-14 in the Environment, 
page-o67 tS >due=tc) GANPO nuCtear 
generation as opposed to other kinds of 
nuclear generation. 

MS. McCLENAGHAN: Q. Dr. Whillans, I 
WOULG Like CO turn “yOusnOWw LO. page b2 Of Our Exh bar 
597, which are excerpts from the Select Committee on 
OntarmrTouUhydrowAtrairs; = 1960. 

THE CHAIRMAN: Do you know whether this 
document is already an exhibit? 

MS. McCLENAGHAN: We did look, Mr. 
Chairman. I thought it was but we didn't find an 
exhibit number for it. So maybe Mr. 

THE CHAIRMAN: There is a reference -to 
INGVErrogatory™2.4.2." Has ciateqot aly signiel cance sac 
written on that? 

MS. McCLENAGHAN: No, that is not 


Significant here, Mr. Chairman. 


THE CHAIRMAN: Then perhaps we should 
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give this an exhibit number then. 
THE REGISTRAR: this Weld DEVou0 
== HXHibe?T NOVSo00es Excerprs strom tne "Setect’Ccommittee 
On -OnNtatiO Hyaro Artairs, 1980. 
THE CHAIRMAN: Thank you. 
MS. McCLENAGHAN: Q. And of course, 
Dr. Whillans, you would be familiar with this report? 
DR. WHIBEANS:" AS -tShave*read the 
excerpts that you have provided. I haven't recently 
read the whole report, no. 
OvreTherrrrstrexcerpesthatnwenprovided is 
at page 62 of the*marn Exntptleso7*#and* rt contains ’a 
statement that the routine emissions from nuclear 
reactors include a number eplateeerens elements. 
P2245. la! 
Two are of special interest to the committee, 
carbon-14 and tritium. 
In the second paragraph it states: 
Carbon=14 "and crrverum are yor 
comparable and special concern for 
Similar reasons. First, they each have 
long half lives, 5,730 years carbon-14, 
and 1233 years tor tritium. Long half 
lives allow them to accumulate in the 


environment around a reactor and in the 
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global “Drospnhere., "ssecondal yy ehey=are 

easily ineaiteesa Into Human tissue. 

Carbon-14 is incorporated into the carbon 

that comprises about 18 per cent of total 

body weight including the fatty tissue, 
proteins and DNA. Tritium is 
incorporated “ince *al parts or *tie body 
that contain waters" Thus; tne 
radiodvogical "signifreance™of =poth 
elements is not related to their inherent 
toxicity as each is a very low energy 
form of radiation, but the their easy 
incorporation in the body. 

Would you agree with that statement? 

Ae -PPan rot atvakl “clear what "was meant 
by the last sentence, the radiological significance is 
not. related towthelr“tniherent toxicrcry. --lrjust donc 
know what they meant by toxicity. The rest of it I 
certainly agree with. 

Q. So you would agree with the statement 
that the radiological significance of both elements is 
related to their easy incorporation into the body-— 

Pr yess 

OF "=-1Thwe COO than part of? 


A. Yes. Because as we said earlier, 
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these particular nuclides are not what we call external 
hazards, the radiation, they don't have penetrating 
beta gamma radiation which makes them a hazard from 
outside the body. 

Q. But once they are inside the body 
they are definitely a hazard? 

Ao. That iseriqnt: 

Q. On page 64 of the exhibit, the second 
paragraph there states: 

Carbon-14 is not just a problem of the 
most exposed individual, its long half 
life makes it a problem for the global 
environment. 

And I think you said earlier -- 

AvtanSorry feel Neaverst now. 

Q. All right. And would you agree with 
that? 

A. The first two sentences? 

Q. The first sentence in the second 
paragraph. 

Bee eS 

Q. First two sentences. 

Pea eS gee ate. 

O. "Andsthen two=thinds of thhetway in 


that page it states that: 
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The Committee is concerned that Canada 
and. Ontanlowin upabliculat may Dave aa 
special global responsibility for 
CONntrLOlling ~carbon=i4 sand tt rLeitum et bat 
goes beyond consideration of local 
effects. 

I understand that as referenced earlier 
on the page, back up in the paragraph we just looked 
at, that's because, as it's stated, the nuclear power 
programs, they are concerned in nuclear power programs 
because their {artificial production 1s a 3Si1gniticanc 
proportion of ;the natural production which wid Lecesult 
in an increase in the global inventory of each nuclide. 

A. You are asking if I agree? 

Or, Yes. 

Awe Well) 28 Dy STANT ELCanty wer mean. some 
of measurable, as we were just saying for both of these 
nuclides “Les not 4, dominant. iract hon. or wtotal 
PEOUUGEIONS Out putas Stoni bi cant.e sine. 

Q. And to shed some light on the figure 
that you are going to be getting. for us. pertaining to 
the last undertaking, that paragraph continues that: 

The large scale atmospheric testing of 
nuclear weapons in the 50s did in fact 


result in large increases in the global 
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inventory. Since atmospheric testing 

ended global inventories in man's 

immediate environment have been declining 
as these elements seek into the deep 
oceans. 

Would you agree with that? 

his Ness thats tirme. 

Q. And so when you provided us with the 
figures that you. are going to provide us with, it will 
be reflecting background which includes this component 
of increases from nuclear weapons testing? 

A. Yes. Well, we are talking about 
total inventory, but I should point out, the same is 
true of trituumselBbutsfore car bonzi’uthe. total, inventory 
is composed of many things, but fallout is not dominant 
either. It's more than nuclear power generation. 

Well, I guess in 1990, according to the figure I 
referred to in the NCRP report, it looks like about 10 
percentage and nuclear power was about 1 per cent. So 
there is still a great deal more beyond those two 
things. 

Q. Now, the final paragraph on page 64 
states._that: 

ThegAbGB,ewithbets i limited.staff, 


accepts the recommendations of the 
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LORE AS 

Which I understand is the International 
Committee on Radiation Protection? 

A. Commission. 

Oe aves. And that the major Canadian 
role in standard setting has been to provide 
representatives, and in one case the chairman to that 
Commission from a AECL. 

And so it says: 

The basic Canadian regulatory 
standards come from a body reputed to be 
dominated by those the critics call the 
nuclear establishment, manufacturers, 
utilities and regulators. 

Is that a fair statement? 

A. Well, there is a number of things I 
guess in that paragraph. One, I think you should know 
that the ACRP that we were talking about earlier has 
established a working group looking at long-lived 
radionuclides, so in that sense they are developing 
their own Canadian standards. And so this is one way 
they expand the effort they can provide with their 
Limited stati. 

Canada has certainly provided a number of 


representatives to the ICRP, and I guess -- they 
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haven't all been from AECL, as a matter of fact. And 
this is 1980. And I guess since it says reputed to be 
dominated by these people, I guess : eG agree with 
Chat, 

Q. The next page of the exhibit, page 
65, contains some recommendations by the Select 
Committee, and particularly recommendation 3 was: 

That a council should be formed by the 
government of Ontario with given terms of 
reference and representation from within 
and outside the nuclear establishment to 
Providecan-instztutieonal forum’ for public 
Participation). and a~focus for concerns of 
cadialiron problemskansOntario, to -puirid 
up Ontario-based technical knowledge and 
to oversee as much epidemiological work 
as is necessary to decide what the 
standards should be for health and safety 
for the people in Ontario. 

WAS ecucCOUnCil wLike that ser up -to-yvour 
knowledge or does a council like that exist? 

A. No. To my knowledge we still depend 
on federal working groups. 

OG” Vande i bawentlonyco Say.chat: 


The council should review particular 
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problems of radiation associated with 

operating our plant reactors, independent 

of Ontario Hydro and the government. 

So it would seem that that has not 
happened then. 

A. Not to my knowledge. 

Ot@Mand they*noted, finally 
recommendation 4: 

One*of the first tasks the council 
should take on and give high priority to 
is an independent review of the adequacy 
of current proposed release limits for 
carbon-14 and tritium, taking into 
account both focal and global concerns. 
Rnd=again=1t-would™~seem that has nor 

happened. 

A. This is exactly what the ACRP working 
group No. 8 is doing. But it is not an Ontario group, 
Leagfee. 

OF] “So*that@=rs not an Onlar to groups. And 
they are working on that right now as we speak, is that 
what you are saying? 

A. I ‘am not@sure as "we Speak,” tney are 
not all there. But yes, they are meeting over the last 


year ‘Or So’and into the*future: 
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One of the members on the group is Dr. 
Richard Osbourne of Chalk River who is also a member of 
TERE, ana so there are connections between 
international philosophical bases, I guess, and what 
this working group is working re Oey: I guess. 

Q. And I gather from your comments that 
they are meeting on an ongoing basis, that they have 
haven't come to any conclusions or published any report 
Or initiated any specific action as a result of any 
concerns about these issues? 

A. From my memory, I think there have 
been three meetings over the last year or so, and in 
between what is being done is to review international 
literature and also to collect specifically from groups 
like Ontario Hydro information about emissions, so that 
they can be fed into the final report. 

Q. All right. And in the 12 years since 
1980, that's all that's happened to your knowledge 
about this issue? 

A. Well, that's to my knowledge, but 
perhaps someone else would have another opinion. 


MR. OIOHANSEN?¢© AgohdTshavelt gotanokhsng to 


add rominiat. 


O.. Now, Iswould.likesto turn to page’ 73 


erSthel exhib tp owhichidesEsarsteofeatld anvinterrogatory, 
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Noir LOZ 5% 

THEY REG? STRARS = That. wilt oe. .ou. 
—-=—EXHIBTT™= NOw 4570.94" inGerrodatouy NO. Luo. 2). 

MS. McCLENAGHAN: Q. TenOCLCe sional 
interrogatory there is a’ reference under the’ response 
in’ the" third’ paragrapn to: a> study that was performed by 
the AECB on the cost-effectiveness of reduction in 
off-site dose from routine emissions. It was AEC 
Repor ty ENEO-0277- 

DR. WHILLANS: A. Yes, I think that 
Shoal be wl -N—f-Oveabut that to ecOmleou. 

Q. And although that report wasn't 
provided along with this interrogatory, we have 
included it in this exhibit beginning at page 74. And 
I*takevit@this’ would be a report with which you. are 
famittars 

A. I have read the excerpts that you 
provide. 

Q: It's titled Cost-Effectiveness of 
Reduction of Off-site dose by Atlantic Nuclear Services 
Limited, and it's a research report prepared for the 
RECBYin Marcn@ofls Lose. @And' "i wonder, Mr. Chairman, if 
this might have its own exhibit number. 

THE CHAIRMAN: All right. 


THE REGISTRARS “OO. 
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-——-=EXHEBIT INO. P60 L70bCosE-Ehiectiveness tof peddataon SE 

Off-site Dose, by Atlantic -Nuclear 

Services Limited. 

MS. MCCLENAGHAN: Q. Has Ontario Hydro 
done sits yown study sof sthisitsorbiof topic) ise., the 
cost-effectiveness of reducing the off-site doses? 

DR IWHILGEANS :5.As ekor any tpanticubar 
nuclide or in general? 

Ox In general. 

A. I believe we have done some. But 
maybe-Mr. Johansen could describe it. 

MR. JOHANSEN: A. Yes. As a matter of 
fact jethis «us, hcquessigyvow [eouhd -cali ph .anmtongoing 
exercise. In conjunction with nuclear rehabilitation 
programs jsfor exanplepraueBruce stan and <Prckerning, ia 
number of options for reducing off-site emissions and 
dose effects are being considered, and they are being 
evaluated. They are using the kind of cost/benefit 
analysis that Atlantic Nuclear used for their study, 
for the AECB. 

On. Bitake adit, sthose Jstudiesi are sor 
documents haven't been provided to this point in your 
evidence, or in the response to this interrogatory or 
others? 

DR} WHILLANS: A: In Exhibit 452 there 


was reference to the general kinds of additional 
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controls that are being edusiderdde Butt i Sdonse 
believe there was any detailed deiaance and giy don & 
think atheresis ay-finalérepert—on ianyy of these. 

©. IGNow pethe sinter fogatory Wrésponsesat 
page 73 indicated that the kinds of options that were 
considered vin. thils study;"the |Atlantuc Nuclear Services 
study, and, it. set out. foun andsbhrentindicated4whae the 
costs were. And stated that: 

The cost associated with reducing the 
routine emissions are expressed per unit 
dose averted and for the proposed options 
are typically in the order of a million 
to 90’ milWviLém iperyoerson *siever a dose 
averted. The level at which a dose 
reduction measure is considered 
reasonable and beneficial is on the order 
of $10,000 to $100,000 per person sievert 
dose averted. As such the results 
indicate that further dose reductions are 
not warranted. 

First ofall, dosyou agree with’ that 
statement in this interrogatory? 

A... You, are, asking,.either of us ‘in 
particulan. 


Q. Yes, either of you. 


Farr & Associates Repoarting, Inc. 


24 


25 


Whillans,Johansen, 23243 


Penn,Daly,King 
cr ex (McClenaghan) 


MRA JOHANSEN: 4As4 Wellsdlaguesshiscould 
Start by indicating that the numbers, $10,000 to 
$100,000 per person sievert avoided or averted, that | 
obviously is a somewhat subjective threshold. I don't 
think we should place an undue weight on that 
threshold. 

The fact is that the emissions that we 
are talking here are already very low. We are 
typically talking about less than a per cent of the 
regulatory limit to the most exposed members of the 
public. But even so, we are not saying that that's the 
end of it, we won't worry about residual effects or do 
anything about them. 

We do continue to look at the feasibility 
of improved control technology, and as that technology 
evolves, and as the need is assessed to require 
additional action (cweLwould plane tordersore Andatthat is 
what is generally reflected in the Update document, 
Bxhabitad 52> 

DR.GWHILLANS: . A. © These numbers, 10,000 
to 100,000 are, typical of the values used in ALARA 
documents in several countries. 

Que US fut ebdlGesO Say thateacealongias you 
have been meeting the 1 per cent of the regulatory 


limit requirement, that Ontario Hydro has not seen the 
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need to go beyond that in reducing the emissions? 

APCD Mans notssuresthat"s” réal Ty scr ue. 

We have met the 1 per cent for tritium 
for many years and we could of still put in place the 
britium™removal®facility. “Now l-agree to some extent 
that was to reduce occupational exposures, but it will 
also reduce tritium emissions to the environment. 

Oc MIMmyoulaMbike*te refers you-to page 81 
of the exhibit, which is a table 8, titled Liquid 
Effluent Treatment Methods, summary for Darlington. 

I should note before we specifically 
examine that, that in the preface to this report on 
page 75, the authors’ stated under purpose of the report 
that: 

The report is intended only to assist 
in evaluating the technology options. No 
judgments are made nor are any Opinions 
expressed on the cost/benefit of any 
technology. 

Tirning “cospage -8i, "that table, indicates 
at ‘the top that ‘the total liquid*emissions excluding 
trivium for Darlington *wrencuy treatment, are" 70 
gigabecquerels per year; is that accurate? 

MR. JOHANSEN: A. That looks high in my 


view by comparison, for example, to the reported 
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emissions from Bruce "B", 
Obviously you are talking about a 


reference value here since Darlington is not anywhere 


23245 


near full capacity. But even as a reference value, it 


appears considerably higher than the reported emission 


values for Bruce "B", which would be a comparable 


station. 


Q. So what do you think the figure would 


be? 

An gels Wid la usts 4s 

DR. WHILLANS: A. Ttewi lds pebaniour 
exhibites won teit ? 

MR. JOHANSEN: A. To look back in this 


volume, to around page 18, which is the Atomic Energy 


Control Board's summary, of emission values reported by 


Ontario Hydro and other nuclear operators, 

THE CHAIRMAN: Page 18 of the Atlantic 
Nuclear Services Limited Report. 

MR .«g JOBHANSEN*w oy Nows Dhis, Mr. Chairman, 
was referring to page 18 of Energy Probe's volume. 

THE CHAIRMAN: Thank you. 

MR. JOHANSEN: Which is Exhibit 597. 
PSST Us ola baal 

And I am just searching now for the 


appropriate -- yes, on page 26, are the values from 
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1984 to 1988 liquid releases of tritium and gross beta 
activibystirom Bruce @Be. 

And if we look back to page 23, we are 
sort of jumping around here, but on page 23, you will 
find in tabular form the emission values for Bruce "B" 
gross beta in terabecquerels. And if you convert 
those, it looks to me like the average over that period 
iss ofo.theor der of ive gigabecquerzelsy pervannum as 
opposed to 70. 

Oane Sos ateithe+ author, ofn thas tr epore 
obtained the figure of 70 gigabecquerels per year from 
Ontario Hydro, then they obtained inaccurate 
information it would seem. Is that what it appears? 

A. I am not sure where that number came 
Ex Ome 

DR. WHILLANS: A. They wouldn't 
necessarily have obtained it from Ontario Hydro because 
these annual summaries are all in the public domain. 

THE CHAIRMAN: Where do you derive your 
LlOSfnomy. Mr2acdohnansen? 

MR. JOHANSEN: From page 23, Mr. 
Chairman. 

.THE CHAIRMAN: Yes? 
MR. JOHANSEN: At the bottom right-hand 


corner is the table and four columns over or up, 
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depending on your orientation, there is a listing of 
so-called gross beta liquid effluents from Bruce "B". 

THE CHATRMAN?* = Yes’. 

MR. JOHANSEN: In terabecquerels and I 
Simply moved the decimal place over three to arrive at 
something like -- 

THe GOA LRM = sero Sst it tayvanquto find 
the one. Where is it? 

MR. JOHANSEN: I simply mentally averaged 
them out. It's not. a precise number. 

THE CHAIRMAN: What, the five figures 
that are shown there? 

MR. JOHANSEN: Yes. That's just a rough 
number 2S TMdidn't: actualay work Tt" out’ 

MS. McCLENAGHAN: All right. 

THE CHAIRMAN: It's a lot less than 70 in 
any event? 

| MR. JOHANSEN: It is less than 70 
obviously. 

MS. MCCLENAGHAN: Q. So for some reason 
the Sine of this report has used a much higher number 
and perhaps we will be able to examine that later. 

Eb note that. thie report et’ page 84 
outlines in Ene table certain treatment methods in the 


left-hand column. And the next column indicates what 
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the reduced annual emissions would be. And finally 
after the application parameters at Darlington, it 
indicates the annual 1987 cost in dollars. 

And so, for example, the treatment method 
filtration is stated to reduce annual emissions and we 
have obviously got a problem here with the numbers. 
They say from 70 gigabecquerels per year to 38 
gigabecquerels per year and that the annual cost of 
that is $3,000. Is that something that Ontario Hydro 
has examined the cost/benefit of doing and is that 
something that Ontario Hydro is doing? 

MR») JOHANSEN) | Beg, Weld withat -£ ilbration 
is basically something that we are doing. We do have 
filtration and ion exchange equipment in our active 
liquid waste management systems, which we use, if 
necessary, to maintain our emissions below the annual 
or the operating target. 

Q. At page 82 of this document, under 
the topic, "Current Liquid Effluent Treatment 
Practice", it mentions that several sites, Pickering 
Bruce and Point Lepreau 1 have filtration and/or ion 
exchange systems. Is that what you are talking about? 

Purana oe Baers 

Q. But it goes on to say but these are 


not being used to achieve emission limits substantially 
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less than 1 per cent of the derived emission limits. 
Do you agree with that? 

A. . That’s another; way of saying what I 
just said. We use them in order to control our 
emission levels below the operating target. 

I should make a comment, however, on 
table 8. And it perhaps pertains to the rest of the 
report in general. And that is in the conclusion which 
1s given on page 59 of the full report but which 
doesn't appear in this particular excerpt, the authors 
qualify their results with a number of cautions. 

For example, they have two areas of 
caution which they set forth; one pertaining to the 
dose estimates or the estimate of actual collective 
dose savings and the other pertaining to the cost 
estimates. 

With regards to costs estimates, they 
indicate their belief that the figures reported are 
Wit Dina wactor ote about?  butewithoreqardc.t ov che 
various local, regional and global dose estimates and 
therefore dose savings estimated, for a variety of 
reasons which they set out, they indicate that they may 
be over-estimating the potential dose savings by as 
much as 10 times. 


So, I guess what I'm saying is that one 
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has to be pretty careful interpreting the values i 3 
tables like table 8 because there could be a swing of 
at least 10, possibly as much as 20 if you look at the 
cost/benefit ratio. 

Ow So; te you are Locking ac. Cables 
with those assumptions then, the filtration cost of 
$3,000 could presumably be as little as $1,500 or as 
nigh es'so0, 000 per year. 

Ned? Thats How I would=interpret cher, 
note, yes. I would also make the point that what they 
are giving here are cost estimates which are intended 
to apply to new plants and they have used Darlington as 
a’reference for a Varge multi unit-plant. 

You wouldn't be able to apply those sort 
of cost estimates, and I am sure that Mr. Penn could 
elaborate. You could not directly apply those sort of 
cost estimates in a retrofitting situation. Now you 
haven't made that connection but I just wanted to make 
thatopointse Retroritcing costs Can De Several times 
the equivalent cost for a new plant. 

Quer Tr werare’ talking abouc EVicracion 
for a moment, or filtration combined with ion exchange, 
we looked a moment ago at page 82, and you told us that 
some of the plants have those systems but they are not 


used where it's not necessary to reduce the emissions 
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because the emissions are already below 1 per cent of 
derived emission Bi (lay ek pean i 9 Bg 

AY ”)6CXeS.. 

Q. And to the same point as the 
statement on page 83 that there is at present no strong 
reason for increased operation of these filtration and. 
ion exchange effluent control systems if what you are 
looking at is the percentage of derived emission limits 
and being below 1 per cent? 

Ae tilde os. CEUe, 

Q. But it would seem that you could 
spend between $1,500 and $6,000 a year in 1987 dollars 
ana, according COvLii Ss report, reduce annual emissions, 
LOtaleengulc etiesitons, Uy a fainuy Signtoicant= number . 
They reported here from 70 to 38 and we know we have a 
problem with those numbers. 

But would you agree that there could be 
Significant reductions in total liquid emissions 
completely apart from the issue of the 1 per cent of 
derived emission limits by the use of filtration? 

Aa’ Welty Ll m not abe all sure how that 
$3,000 estimate was derived, what that assumes in terms 
CEU ereattOn, co 8 fealty can. ©. COMMenle. Lo guess Une 
LADLE CTNaeTSOLL OF Dts =t ala LCOGeELNer 1S" table 2. 


OLP WSO fre snows us that’ with fiivration 
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you would reduce the effluent by 56 per cent with a 
total collective dose reduction per person sievert of 
Sie a person sieverts, sorry, and a cost of .15 
millwon. dollars: an 1967,dcolvars, Over 50) years? 

A. gWell jy thatass what tphsays bur 
really without knowing the details of how they come up 
with that cost,cit'sidifficultsfor ~mesto,sayswhether 
that would be in addition to what we are already doing 
and therefore whether indeed by doing what is suggested 
here we would effect any reduction. 

Q. Right. Although we saw a moment ago 
atapage 82, and 83. thatstheif statementsofpeurtenn 
liquid effluent practices is consistent with what you 
say you are doing right now; is that correct? 

Dio Mes. 

Oun  Lawouldwlike» to, refers yous,tosypage.204 
of this exhibit while we are speaking about this. This 
is an excerpt from Ontario Hydro's State of the 
Environment Report in 1989. 

Rags V@Sius 

O., sAndeinderptheytepaceaissuesseabout 
two-thirds down the page, there is a statement that 
APCR has indicatedathatetalpratbicnectwal). lagnid 
effluence to remove radioactivity and particulates 


prior to release to the environment is general practice 
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worldwide. Presently Ontario Hydro filters as required 
to be below 1 per cent of the regulatory emission 
iit. 

So, in other words, it would seem that 
Ontario Hydro's practice is not consistent with the 
Filtration practice which is commonly practiced 
threughouc the rest of the world;.1s.thatcuwhat it's 
Saying. 

A. Well, it may well be with other 
reactor systems that there is a need to filter 
continuously in order to maintain emission levels below 
the appropriate levels in those jurisdictions. 

The fact is that we don't need to in 
order to maintain our emissions well below the 
operating targets. That's not to say that we are not 
thinking about making certain improvements where it 
makes sense to do so. I guess under the initiatives 
column opposite the paragraph which you referred to, 
there’ 1sifan -indication of just that: that you are 
testing other possibly less costly methods of treatment 
such as reverse osmosis? 

A. “Yeo, less costivemethods: “1 am. .not 
Sure that I would agree that reverse osmosis is a less 
costly method or even an effective method on a 


conmercial scale. -@ happen to doubt that. But eb think 
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the general intent of that statement I WOUularagree 
With. 

T think I referred to *the Bruce nan 
rehabilitation program a little while ago. And that 
second paragraph or second bullet indicates that there 
is quite an effort under way to examine the different 
sources of liquid waste at the Bruce "A" station and 
ways of reducing emissions to the environment. 

So I guess what I am saying is that it is 
not a static situation at all and it's a question of 
finding mitigative measures that are effective and 
cost-effective. 

Oe Bub LE would appear= trom Ghis (enar 
you have got in fact already in place and some of the 
stations filtration or ion exchange systems which you 
are just not using because you say you don't have to 
worry about it, you are already below 1 per cent OL tne 
DEL. right: and 1t seems tO me that it would be a 
fairly straightforward matter to use those systems that 
Are in place, and it would appear from this report that 
you could achieve pretty significant reductions of 
liquid emissions by doing that at relatively little 
cost. 

MR. B. CAMPBELL: Excuse me, Mr. 


Chairman. Hasn't this witness indicated that it is not 
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clear.from the report that that is the case. The 
report.refers, to reference from units of (7.0, down,, and I 
think Mr. Johansen has indicated that he is not at all 
Sure that that would be the case at the levels that are 
Currently oCccuxstingpate Ontario Hydro! s istaraons... 1 
think that's the evidence. 
iota Oe alia 

MS. McCLENAGHAN: Q. At page 89 of this 
document, Mr. Johansen, there is a table, table 21, 
titled Global Collective Dose Commitment from 
Darlington. 

THE CHAIRMAN: This is part of the 
Atlantic *Repoxnt,,. 1s Ac 

MS. MCCLENAGHAN: Yes. 

MR. JOHANSEN: | Yes. 

MS. MCCLENAGHAN: Q. And it shows a 
Ciguie, for. carbon-14 ehat there could be an 89 per cent 
reduction with technology for carbon-14, in the 
emissions of carbon-14. 

MR. JOHANSEN: A. Well, that's certainly 
What. 1c Shows ,yDUtel amenokr in a mocition to. support 
that figures 

I have some doubts about that based on a 
preliminary analysis that I am aware of that have ~been 


Carried out in Ontario Hydro. And I guess I would go 
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Hick. towhat 1 said earlier, about. the uncertainty. in 
the estimates of collective dose, as pointed out by the 
authors themselves on the summary page, which would 
have been the page following this one in the fu lel 
report. 

QO.  Theictechnology thatiathey. are 
referring to, I think is referred to on page Gi) On ee ne 
exhibit, being calcium hydroxide scrubbers? 

m®. | Yesaal ysee. Ghai. 

Gua and re that ahac tyou gre oettit 
with when you are making the comment you just made? 

A. Noe 

Q. Are you familiar with calcium 
hydroxide scrubbers as a technical means of reducing 
carbon-14 emissions? 

A. In general. i have not, seen an 
assessment, a technical assessment of calcium hydroxide 
scrubbers for carbon-14. 

MSeuMCCLENAGHAN? «6 I.ethimie, oMy.)cChaermany 
this would be an appropriate place for a break because 
I will be switching gears. 

THE CHAIRMAN: All right. We will break 
COL Lo Minuves”. 

THE REGISTRAR: Please come to order. 


The hearing will recess for 15 minutes. 
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ee RECeSS.-avrs :s0Cp sme 
---On resuming at 3045 DAM. 

THE REGISTRAR: Please come to order. 
This hearing 1S again in session. Please be seated. 

THE CHAIRMAN: I have been told that the 
premises across the road are now devoid of electrical 
power. What inference to be drawn from that I don't 
know, but one consequence is that the transcripts which 
are normally available first thing in the morning may 
not be available first thing tomorrow morning because 
that's the head office of the reporting group. So they 
will be ready as soon as possible, but no sooner. 

Ms. McClenaghan? 

MS. MCCLENAGHAN: Thank you. 

MohvCcharrman, Fitvs ‘myArintentidon’to\ deal 
with some questions arising from the package we 
submitted as Exhibit 598, Materials on Inherent Hazard 
of CANDU Reactors, and I will be returning in the 
morning to a few questions with regard to toxicity and 
those materials. 

Mr. Tom Adams is sitting beside me at 
this point from Energy Probe. 

Q. And my questions, I assume it might 
be Mr. King who is answering these questions related to 


the need for safety systems at CANDU stations; is that 
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BACs 

MR.) KING:), Ag ees . 

O,eeNG6w oMESTRingm Gbvicus lyi at almost 
goes without saying that the reason you need safety 
systems is connected to the topics we were discussing 
earlier todaynvibempathestomicitymradvoactivatysor the 
fuel that the CANDU system uses; is eee oe 

A. They are associated with keeping 
radioactivity separated fromsathes public, tyes 

Q. And would you agree that it is, of 
course, the fuel itself that produces what we might 
calinthe hazardousfconditionsnibhattexist®inea CANDU 
reactor like the heat, the présSure, the neutron flux 
and the toxicity? 

A. Well, the hazardous conditions, you 
have to define -- like pressure and temperature, it 
depends on what is nearby to make them hazardous. Most 
of the radioactivity comes from the fuel, not all, but 
most. 

QO. -All~right. «AndpiSsssg on emi @eiareceit f 
as well that produces the heat that exists while the 
reactor is operating; right? 

A. .antheemayjorityrot it, yes. 

Q. 6 And» ptts  -thesheat sand temperature 


that results in high pressure conditions in the 
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pressure tubes and the heat’ transportssystem; is that 


right? 

Ata ves: 

Q. Now, I think you testified earlier 
that once the fuel is -- that there is no way to stop 


production of the heat from the fuel except the passage 
S£LAtymey) in other/iwords; i you-can' tigust=shut#®down the 
reactor and it stops producing heat that minute. It 
keeps producing heat. 

A. There is decay heat, what is called 
decay heat, which after you shut down the reactor it 
continues and then it lowers with time, decreases with 
time. 

O:syAPlpraghts-“Segthartseveryxditterent 
from a situation with, for example, a kettle which you 
UpplugTi teandwatestops+preducing heats is*that=right? 

A. I guess that's a reasonable analogy. 

©. =Now  Wiiunderstand*thateasreactor 
operating at full power, a nuclear reactor is producing 
1,800 megawatts of thermal heat; is that right? 

A. It depends on what size the reactor 
is’ 

OV*STHe Pieckéring@sized reactor, for 
example. 


A. Well, the Pickering reactor produces 


Farr & Associates Repoarting, Inc. 


Whillans,Johansen, 23260 


Penn,Daly,King 
cr ex (McClenaghan) 


around 540 megawatts electrical. Assuming that the 
efficiency of the eee electrical conversion 
process is around 30 per cent I believe, it would be 
540 divided by .3, which would be around 1,800 
megawatts thermal. 

Oe Alliswight.AeAnd Sen ermine eyene 
reactor is*shutydown orythe minutetafter it "’s* shut 
down, the reactor continues to produce, I understand, 7 
per cent of that power? 

span worakwers perhaps the instant it is 
shutodowns butwa ti decaysovery rapidly ine the farst Cew 
seconds. 2):Somatithesendieigqa: couple of minutes 2 
believe it's down acd 3 ywermaent, but hese race 
approximate numbers. I would have to check to get the 
exact number. 

Q. Now, as I understand it, whether the 
reactorcis %rinning jorsnotfewhat <istaking: thesheat away 
is Othe .coolankt; aisaihatind ghte? 

A. Heat appears in the moderator and the 
heat transport system, but the majority of the heat is 
being removed by the heat transport system, the 
coolant, yes. 

Of RAmNIMeIGhe ENat the woolant inside 
the pipes is over 1,400 pounds per square inch 


pressure? 
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Geerienonmlal. Operatang conditions. «Lt 
would probably. itvaries within the CasCild: tenga DAblon | L 
would think, in) the 1,500 PSi;.pounds) perm .square .inch, 
is. a good number to refer to. 

O eeehUC et OLD tial dinepenspective,, do you 
know what the pressure inside a common household 
Su walinigo eens would be? Would about 15 nee ore 
Square inch sound right? 

Ayo lesha ve nomidea. 

Q. Would you agree that the coolant 
would react much like the water inside of a pressure 
cooker if there was a breach of the pipe? For example, 
the coolant would rapidly turn to steam and escape? 

A. Well, the coolant is primarily ina 
liquid form when it's in the heat transport system. If 
you have a rupture in it, then through the latent heat 
Of Vapourization, somesobeit wie lturn stousteam... i 
think the ratio is something like one-third to 
two-thirds, one-third will .come, out.as eteam, 
two-thirds will come out as water. 

O. Amd) righk an, understanding then that 
the reason you need this safety seem called emergency 
core cooling would be to replace that coolant in that 
sort of an eventuality? 


A. Liss wised soOumaunmain the, ifuel an a 
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condition such that there is no damage to the fuel, 
yes, by removing gets from the fuel. 

©. I want to reter you Co page once ene 
exhibit package, 598, which is Interrogatory No. 
oe 8 9 a by 

THE REGISTRAR tp wliler Oasys = a9. 
—---FXHIBIT NO. 520.95; iInterrogatory No. 9.2.71. 

THE CHAIRMAN: Just bear with us for a 
minute, we are just getting organized here. 

What page? 

MS. McCLENAGHAN: It's the very back page 
Of that, exhibae package: 

Q. hat interrogatory, Mr. King, tna 
interrogatory response is dealing with the emergency 
coolant injection system at. Brice "A" and at Pickering 
Hav And, firstly, under paragraph A; you state tnat-. 

The AECB requested Ontario Hydro to 
consider how the undesirable situation of 

a common device serving a process system, 

moderator level control and a safety. 

system, emergency coolant injection 
system should be rectified in order to 
follow the principle of separation 
between process and safety systems. 


First of all, cCan-you, explain furtner 
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what a process system is as opposed to a safety system? 

MR. KING: A. Well, a process system is 
used rin). the<c-- tb" sa’ Mormally running ‘system, ‘used in 
the power production process, whereas a special safety 
system is a system, is the containment, ECI, or 
shutdown system No. 1 or shutdown system No. 2. 

Q. And why is it undesirable to have a 
common device serving both? 

A. The situation why you try to make 
them separate is that you don't wait to have a device 
that could fail and cause a process system failure and 
that same device be used in a safety system which would 
be used to mitigate the consequences of that process 
system failure. That's the intent behind the rule. 

Q. And was that the situation at Bruce 
AT? 

A. Well, the situation that they were 
referring: :tosins thisempoint. (Ajm on ‘thas: pages’ ,efers to, 
as it says there, moderator level control. The end 
element of the moderator level control or moderator 
level measuring system, Cae are some small what are 
called impulse lines coming from the top part of the 
moderator and the lower part of the moderator, going 
through a device called a pot, p-o-t, common jargon, 


and that, those parts of the moderator level measuring 
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system were used to derive a signal sioncthe fmoderator 
level control. As well in this particular reactor, 
Bruce "A", a signal was derived with some other 
instrumentation, separate instrumentation, but there 
was a sharing of instrumentation up to that point, 
which would be used to initiate the emergency coolant 
injection system, or some aspect of the emergency 
cooling injection system 

Now, the current status of this 
situation, of course, these points are referring to 
correspondence or issues which have been or are being 
discussed with the Control Board, is that the solution 
that we are looking at is to redo the analysis and see 
if we can come up with another ECI initiation 
parameter, different from the moderator level. 

But, the issue, while it breaks He 
spirit or the letter of the law on the separation 
requirements, it's not considered a major point because 
of the kind of lack of causal relationship between 
failures in the moderator level control system, and the 
ECI system. There are no failures in moderator level 
control which could result in the need for the ECI 
system.) . Sopthat's why) is) notybeen: given == Lieisemot a 
major issue between us and the AECB at this time. 


OQsiskre you Bayingsthateit iLssmotlas major 
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issue today? 

Pointitia ths cor rect): 

Qs sBut am I ‘to°-understand that it was a 
major issue with the AECB earlier? 

A. No, I think it's always been the 
same. 

If the situation were kind of the letter 
of the rule, the separation of the two process systems 
and safety systems has not been met in this case, but 
from an increased risk point of view, 5Pessienok felt to 
be an important matter. But in the longer term we 
would hope to follow the letter of the rule as well, 
and the solution that we are looking at when we redo 
this analysis, and this analysis is scheduled for in 
the near future, I believe, is that we will look for 
another initiation parameter for ECI. 

Q. Was it the case that Bruce "A" did 
not comply with, as *yow put’ it, the letter of the law, 
at the time when it was licenced in this respect? 

MR. B. CAMPBELL: Just a minute. The 
language Bs. starting sto, Mna Chairman; get sjust a 
little loose here. We have had this referred to once 
as the letter of the law,. once as =- 

MR SG IKING: W gthamk “vaieed) thertermgbe tt er 


of athe. rriube:: 
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MR. B. CAMPBELL: I think the transcript 
will show you have use it had both ways, and I like to 
be clear which one we are talking about here, because 
my friend is starting to repeat the language. 

MR et KING isk: fieant toAsay-the letter of 
the.cule, towdistinguish.it); Erom-anyetegal ,coutexc, 

MS. McCLENAGHAN: Q. Was it a licensing 
requirement that there be separation between the 
process and safety systems at the time when Bruce "AN 
was Wipeaceae 
(4s: O84. tce 

MRScKING I afA atoThat iis one gobi hetrales 
in the siting guide that would have applied to Bruce 
PAs 

Odeshndias sveunderstandsit/. Brice S"A" was 
licenced and allowed to operate even that was an 
outstanding issue? 

A. I am not sure when it was recognized 
to be an issue. 

Q. I understand from your comments a few 
moments+agoa -—- 

Ani ifr act stokay se. Shittwoulld) bewmyeguess 
that it was probably not anvissue’ at’ the time it was 
licenced. We have probably put in that new trip 


parameter on ECI since it wasjoriginally dicenced*;- jan 
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initiation parameter on ECI, should have said, on 
moderator high level. That probably would not have 
been in there on the original mid-70s design when it 
was licenced. 

Q. This emergency cooling injection 
system that you are describing is not the same as the 
hd Go pressures emergency’ coolantsinjection’ system? 

AGiaYes; -1it'' as. 

Q. It is the same; that's what you are 
talking about? 


A. Yes. 


ZOo207 


Q. Is it the same problem or was it the 


Same problem that exists at Pickering "A"? 
A. Are you referring to what is in the 
bottom paragraph on this page right now? 


On Yes. 


AS bNovewnatens writkteniGnethe boveom of 


the page doesn't relate at all to the Bruce "A", 


Paragraph A situation. 


Q. Can you describe what the concern was 


orvissatiBruce®"A'leregardingéthethagh pressure 
emergency coolant injection modifications? Why were 


they needed? 


A. I think I mentioned in my evidence in 


chief that the Bruce "A" and Bruce "B" and Pickering 


Farr & Associates Repoarting, Inc. 


Whillans,Johansen, ZO LOG 
Penn,Daly,King 
cr "ex ((McCilenagian)) 


"a", the ECI systems were upgraded. Essentially what 
has happened at Bruce "A" and Pickering "A", is we have 
increased the pressure available for the initial 
injection phase, and that's what it is referring to in 
thatofir stesentences 
"Ontard ov Hydros completed: the 
installation and commissioning on all 
four units of the high pressure emergency 
coolant injection modifications." 

Tf you continue in thatdparaqraphese 
well, the next sentence just refers to some 
correspondence. The more substantive of these relate 
to the steady state thermal hydraulic analysis. I'm 
not exactly sure what's being referred to there. 

The water hammer analysis, whenever you 
inject high pressure liquid into, especially into a 
piece of piping which may be void, there is always a 
potential for water hammer. And I believe the 
correspondence was referring to possibilities for being 
in that situation. 

There is valving which separates the 
light water high pressure emergency coolant injection 
system from the heat transport system. There are two 
sets of valves and it does have an interspace which we 


nommalilty=keeprfullvol waters’ Inufactyronesol*the 
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design modifications referred to in the very last 
sentence there of bieeoadte: dite "A" ai souseions one of 
the minor modifications referred to in that last 
sentence was to do with an increased, a larger valve 
that we put in for draining an interspace between some 
valving in that line. 

Continuing on with that sentence, 
starting "The more, subStantave.7.JiCtheAlast pornt 
being the environmental qualification, the ECI system 
when the high pressure was backfit and improvements 
were made to the remaining part of the ECI system, 
which weren't directly associated what the high 
pressure supply, water supply, there were environmental 
qualification improvements made and there was a 
documentation, reports sent to the Board which 
Supported the fact that the ECI system was, based on 
these modifications, considered to be environmentally 
qualified. 

Q. When was it that the AECB originally 
indicated that this modification was needed? 

ALA Ath aia 

Q. The high pressure retrofit. 

A.WRL would )justybe going®from- memory. 1 
wouldythinkys towould@pe in thei %80. toy 82-sonteof 


PETioOd)-butel could petotiva :couple of .vears. 
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OMmaAndeWNnatiabomueatl” Brace? 

Doe Sch nk ohe Loe arose about the 
samestimese''805> “825 

Q. And they were completed when? 

pwiG@an*Bruce;*1~don’ t Nave” ehnat Gate. 1 
guess on the Pickering I assume some of the 
modifications went in when we did the retubing and 
maybe Mr. Daly can help me there. 

MRO PDAL YOUR. LY Chink: Onr Brucer my 
recollection would be that it finished around '85, '86. 
Ande Mrs Kinghissrghnt= Some ol whe These Ecr 
modifications were done during retubing which started 
in-'83° “and “continues, but I believe the last unit was 
done wrvan® Garde 6risutage: So 1 ehink “sortivop the 
period between '84 to about ‘89 is my recollection. 

Q. Mr. King, you testified earlier in 
the hearing that you have two independent shut-down 
systems! at allvof the stationsvexcept Pickering “A”? 

MRA RENG i PSA. “Ske ss 

O8h Which “understand rs the case. 

Why Gsi Sa thisomimportcant soxhaverta wellrable 
and effective shut-down system? 

AY FWe lly ave you oe to shut down the 
reactor quickly, there are other®*systems, the 


regulating system, which you can shut down the reactor 
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under normal situations, but there are situations which 
can arise caused by process system failures which 
create the need to shut down quickly and that's why you 
need the shut-down system. 

Q. Can you give some examples of some 
process estimate failures that would result in the need 
to.shut sdownsquickly. 

A. There is the whole range of loss of 
coolant accidents. The very small ones can be within 
the => we have a rule thatiwe use in «safety analysis 
that you can't take credit for operator action within 
the first LS<minutesag_Ronethe ssmallest of the,lost 
coolant accidents you don't need to take that action 
for later than 15 minutes, so we can credit manual 
shut-down. 

For the larger loss of coolant accidents, 
you need to shut down within the 15-minute period and 
you are relying on the automatic shut-down of the 
action of the shut-down systems. 

There are loss of regulation accidents, 
loss of feed water, steam line failures. There is a 
whole range of accidents, and I believe in my direct 
evidence when I was talking about the deterministic 
safetywanakysts ch probably eistedel wom b2 ickasces)of 


accidents which are analyzed in the safety report. 
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Q. You also testified earlier at Volume 
123, page 21504, that a second advantage of CANDU - 
generators was that they have two shut-down systems. 
Do .you recall that 

AamoWeld/ethereths, nowdoubt.thatj;oas we 
have already discussed, all reactors with the exception 
of Pickering "A" have two fully independent capable 
shut-down systems. 

©, |LNow. insterms of Seharacterizing that 
as an advantage of CANDU relative to, I think you were 
talking JaboutsthenPwR “ore the \BWRy-7 

A. Well perhaps if we are going to stay 
with the transcript I should get the exact line. 

Qs. Page .21503, at the bottom you speak 
about the advantage of the CANDU, over to the top of 
21504. scAndothen arelines224you “sard the, second 
advantage -- 

MR. B. CAMPBELL: Mr. Chairman, the 
comment from the 21503ivenetew2l504 "is Factually*the 
question. 

MS. McCLENAGHAN: Yes, I stand corrected, 
"an SSO, Vi. 

MR. B. CAMPBELL: Mr. Heintzman would be 
pleased to give evidence on this topic I have no doubt 


Buta: 
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MS. McCLENAGHAN: Q. The question at the 
beeen of 21504 is asking: Is the second advantage of 
the CANDU the fact that units other than Pickering have 
a dual shut-down mechanism? Would you consider that to 
be an advantage? And at page 21505 Sah Sarl. + yf Wes. 

Meer KUNGS. DA. ~Okavs, J. see that. 

O., to ust wanted to clarify >that. you can 
only consider a second shut-down system to be an 
advantage in a situation where you need a shut-down 
system in the first place because your technology is so 


Nazardous. Isnt that fair? 


A. I believe I have discussion with Mr. 
Heintzman - I am not sure whether it's spread on these 
pages - about the characteristics of a particular type 


of reactor; that some types of reactors have these 
characteristics and some other reactors have different 
characteristics and generally you design your safety 
systems in relation to those characteristics. 

In the situation with our reactors, now 
we have got some systems which are different than light 
water reactors, and one of the explanations is that the 
demands of the various types of reactors are different. 

O: . Soayvould at Jjpe, favre totsay that 1t:'s 
not necessarily an advantage; it's just a difference? 


AS Having twos betters than” one. 
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by. Having two in a CANDU is better than 
eines 

A.” No, otter reactors, the Sizewell B 
reactor 10 therU.k, which ws a UdsSicatly a 
Westinghouse-type LWR, it nee two shut-down systems. 
There are other future reactors being designed which 
are non-CANDU, which have two shut-down systems as 
well. 

OG. 50 You ale saying Cid oem 
advantage to have two shut-down systems for nuclear 
generating technology? 

A. Well, two is better than one; three 
is better than two. There is a law of diminishing 
returns. I wasn't be being asked here to quantify the 
extent of the advantage. 

Onn bt CHINK. VOU Lestd bled earl etesrnat 
positive void coefficient of reactivity means that if 
your reactor loses coolant, the fuel continues to 
produce"heat”and’in fact it heats Up. Is that Fair, 

a fair description? 

AY Lt. s Detter than. Me. Hamer -s, Dut... 
[Laughter] I won't go into the long explanation again. 

When the void increases, the nuclear 
reaction increases and that heats up the fuel more. 


O2~"IS"it° fagr to say thaw Only two tyoes 
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of ore nuclear power reactors in common use in the 
world which have a positive void coefficient of 
reactivity are the CANDU and the RBMK or Chernobyl 
design? 

A. Both of those reactors have positive 
void coefficients, yes. 

Q. And there aren't any others commonly 
used, large nuclear power reactors, which have positive 
Vio 

B.  Aypdon' believe so. 

Oeenna sn t Ao also true that the vonly 
two types of large nuclear power reactors in common use 
in the world which use pressure tubes are the CANDU and 
the RBMK or Chernobyl design. 

A. Well certainly they both do. I am 
aware of other power reactors which have pressure tubes 
but if you are saying in wide use, then no, there 
wouldn't be other ones in wide uSe. 

Q. Right. And would you agree that the 
positive void coefficient of reactivity was a design 
feature that rendered the Chernobyl reactor vulnerable 
to the disaster it had? 

A. Well, there were several design 
features which I have covered in previous discussions 


Witl Min. Heintzmanuonm Enis point .or Mr... Hamer... One, 
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the lack of a fast shut-down system at Chernobyl was a 


very important factor in the progression of the 
accident. 

Q. And the reason for that was because 
Of a positive void coefficient of reactivity in that 
reaclor; Is chat .1once 

A. inact a) NOG why Chey lat siavewa 
PASte yas 

Qf No, ,*but that "s why they necded one. 

A. Yes, that's coOfrrecr.. 

O. So*without that fast shut-down 
system, that’s a characteristic Gt thal reactor char 
rendered it vulnerable to the disaster that happened 
there. 

A. There was a large number of factors. 
The existence Cf “a positive void Co-erricienc,, tie ee 
of clear procedures and having people follow those 
procedures; the lack of a fast shut-down system. They 
were all contributing factors. 

OG poO,¢ LeaWwOuLd De takte tOesayeebac tn) 
order to evoldnena® kind of disaster you need the very 
fast shut-down system, the well-trained operators, and 
numerous other safety systems in place that all work 
when they are supposed to? 


A. There are all sorts of factors you 
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need to have in place. Right now we are just 
discussing a certain type of accident at the RMBK-type 


of reactor. If you want to characterize what has 


happened at Chernobyl as a large reléase, then there 


are other mechanisms in other various types of reactors 
which can have large releases and which have design 
features which are beyond the ones that we have just 
talkednabouttoepreventsthoseslarge.,reileases’ from 
Oecurnyng. 

Q. Do you know what prompt super 
criticality means? 

A. Yes. 

Q. Would you be able to describe it to 
us? 

A. It is when you have one of the 
features of the fission process which allows nuclear 
power to exist as a vehicle for producing electricity 
rnepowersplantssialtis the fact that not aliathe 
neutrons which are created in the fission process come 
out as fast neutrons as soon as the fission of the 
uranium occurs. Some of them come out a little later, 
going from fractions of a second to several seconds. 

And these delayed neutrons are the ones 
that inaftact aliowsthe, reactor.to.be.cont notkedansaAnd 


what you need to have a self-sustaining fission 
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reaction is a net of one neutron per generation. 

If-you have a fission occurring and then 
you want to maintain a self-sustaining fission, a chain 
reaction, then you have to have so many generated 
typically in the order of 2 neutrons per fission. Some 
of those get absorbed in the materials inside the core. 
And®i£t*you have aynet or one that's available for 
creating another fission, then you have got a Cnain 
reaction. 

If that's the delayed neutron which 
allows: that te happen, -then yousCcansnavena aor Lt 
that's the important part which allows that to happen, 
you can have a controlled reaction. But if you have an 
excess of neutrons, fast neutrons, then you can get 
into/the a%situationtcalled=prompt criticality. 

[4225 ipens4 

You are becoming critical on your prompt 
neutrons, not your delayed neutrons. 

OA -*Whateis tthe *rate™at which the power 
increases if/a reactor goes prompt super critical?: 

RSet vdonw wrt nrnk rc ecould exorvess tat 
rate. 

GYUFiWetldstit~be-Caipsito say .1t%s 
something like between tenfold and a hundredfold per 


second? 
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Rel LewOuLaeonave LOVdvO OUbL.. . ALS. you 


talking any reactor, are you. talking’ about -—= 


oO: The GANDU-reactor: 


A. Well, there are materials in one of 


the exhibits we have filed which is the loss of 


shutdown at Pickering analysis which was done for the 


Hare Commission, which would have that number in it. 
would have to refer to that to give you a rate. 

OL Reance Lect e ati COmsay Lilacs tie a 
reactor is prompt super critical or the power is 


increasing at a fast rate or an extremely fast rate, 


that in effect you have lost control of the reaction? 


Peo teolt So pUcup super Critical stnen 


20279 


Lhere 1s n© doubt you have lost control of the~-action. 


Q. And it is my understanding that the 


Chernobyl reactor went into a state where it was prompt 


super critical*prior” to the accident which .occurred 
rherey “is tnat right? 

A. Yes. But there are differences 
between the design of the Chernobyl reactor anda 
CANDO, .and. ih YOu, gdouko thar == 

THE CHATRMAN: But she, didn't ask cthat 
question. She may ask it later, but right now she 
hasn't asked that question. 


MS. MCCLENAGHAN: Q. So the answer is 
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yes; is that right? 

MR CAR UNGS” “AS =Could™yourrepeae <cne 
question? 

Or - "The Chernobyl reactor pritor=ctoVthne 
accident that happened there was in a state of prompt 
Super criticality? 

A. Yes “we LeVWwasmnolenr LOrmrorene 
accident, it was during the accident. 

QO. Happening pretty fast. 

Are you familiar with the phrase pipe 
whip restraints? 

Be ese 

THE CHAIRMAN: Sorry, I didn't hear that. 

MS. McCLENAGHAN: Pipe whip restraints. 

OFF Could you explain whatetnace Medqnc: 

MR. KING: A. 1If it 18S assumed that when 
a pipe Latls, fielatis# in ae oul li Orc me Manner ya lie Cems 
normally when pipes fail they don't fail ina 
guillotine manner You" will get” a Crack,” It- opens up 
and what is typically referred to°as a longitudinal Or 
fish mouth type*oL* rupture: “Bur ig you assume thatthe 
pipe just breaks right through completely, that's 
referred to as guillotine-type rupture. 

With a guillotine-type rupture, and we 


were talking earlier about the discharging high 
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pressure steam and water, because of the reaction 


ferees tosthat, -Liethat.waterywis.comingyout. of soneiend 
of the pipe there is a reaction force causing that pipe 
E@owWhips sLEavyou.cannot stand the consequences of that 
pipe whipping and hitting something else, and one of 


the design vehicles for preventing that ‘consequence or 


that impact of the pipe with some else, is that you 


design asrestraints Wites ~ebtectiyely aeacollar onya 
piece of pipe which is held back to an anchor in the 
concrete wall typically. 

Q. And I understand that the restraint 
is both a benefit and a disadvantage. A benefit in 
that pi wouldspresent .this.occurrence that -you_just 
described presumably, and a disadvantage in that it is 
a barrier to inspecting the pipe in the first place? 

A. It depends on where the restraints 
arevEittedstalypically, you do inspections of pipes at 
high stress points or at welds. So if you can avoid 
those locations in setting your restraints, then it's 
not a disadvantage for that reason. 

6. BDodveusbindsthabutbnofbeneiswva 
disadvantage? 

Aie Deeoultdntesay with respect .to the 
inspection reason. But there certainly is in general 


terms, as you say, advantages and disadvantages, and I 
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think you have to look at almost each restraint to make 
a decision on what conclusions you should draw from 
that balance. 

©. Mr. King,.betore.,ly go too. far away 
from the question I was asking you a moment ago, I 
don't know whether I asked you »tne question, 1 cninks 
thought I did, whether there were any circumstances 
when a CANDU reactor could be prompt super critical? 

Ae Wellay.es piancdhstiteatas ererence 1d davye 
you to the Pickering loss of shutdown analysis 
discusses that. 

Q. Would you be able to tell me what a 
CPlUX tLe OL atte Us OSCi aa at Von eds? 

A. eS. en Withy a Large one there, canbe 
a situation where you have one part of the core has a 
higher neutron flux than another part of the core, and 
1 tetees OSCiL atinde wm) am OScCil lawton. mode. 

Normally; wibhin .4..cores--; and the 
absolute flux is different in every place in the core, 
there is a shape, in the centre it's higher than at the 
edges, but you can get into a situation where either 
axial or longitudinally that the flux moves. back. and 
forth.«. And, the.cause of 3,0, 45 jcnecmeation and burn 
off of xenon which is a result of the fission process 


but, ts. an absorber, of. neutrons. 
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There are spacial flux control mechanisms 
in the reactor eto -control Flux, notptromean overall 
point of view but from a spacial point of view. The 
liquid control zone is of system is what I am referring 
to. 

Q. When you have a situation as you were 
JuSsSt-descor iiboing jwhen svyou thavera flux oscillation, is 
that a situation in which you have an unstable flux 
Edvet SeaNould that ibe sacfarmudescriptron orscould that 
be unstable? 

AS poli syou smean jinstable inethat <itieis 
getting larger rather than getting smaller, is that 
what you mean? 

One YES. 

Aime nves,, that ;could occur. 

O «sel Want to refer vou, Go ipage, 3.9.,0f «the 
exhibit package. 

THE CHAIRMAN: 598? 

MS. McCLENAGHAN: Yes. Page 39 of 
Exhasba Gyp5 982 

Q. And that's a document dated February 
LOOLpatitled,;A Follow-Up "Report, sUnite2, Severe Flux 
Tilt Resulting in Forced Outage. 

Moreh GNG a cA om BY OSi. 


O on beeeuereferring, to.an incident’ I 
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understand that happened September 27, 1990? 
Ae Les. 
MS. McCLENAGHAN: Perhaps that should be 
given the next exhibit number, Mr. Chairman. 
THE CHAIRMAN: Thank you. 
THE REGISTRAR: ~-602;% 
---EXHIBIT NO. 602: Document entitled: A 
Follow-Up Report, Unit .2, Severe Flux 
Tilt Resulting in Forced Outage, dated 
February 1991. 

MS . "McCLENAGHAN?“* QO." "Nowy; 4*rirst of all, 
on page 40 of the exhibit, the introduction states that 
an incident occurred in September 1990 when the 
insertion of an adjuster rod into the Unit 2 core lead 
to a severe side to side flux oscillation, which 
continued for two cycles until the unit was shutdown on 
September 27thH, 1990; "is that’ right? 

A. That's what happened. 

Ov "Se*itrcontinded’ for twotdays®until 
the unit was shut down? 

Mee Les, 

QO. * And on page 43 of this exhibtt, under 
the title Basic CANDU Reactor Physics, there is a 
discussion that finishes with the sentence: 

Like the positive void coefficient, 


the-potenttal for flux oscillations is a 
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fundamental albeit undesirable 

Pea cette ded che CANDU reactors which 

must be addressed both in the design 

phase and during operation. 

Can you descrabetwhatgit ise thats 
undesirable about that characteristic, i.e., the 
poventialffore Elux oscillations? 

A. Well, the power in the reactor, in 
Our reactors is limited from an overall reactor point 
of view, as well as on a channel basis, there is a 
maximum channel power, as well as on a bundle power, 
each of the bundles that Mr. Daly had, there is a limit 
on oe power you can get out of the -- the maximum 
power you can get out of a bundle. 

When you get into a flux oscillation 
Situation, the reason you want to avoid it is not to 
exceed either a channel or a bundle power limit. You 
can get into a situation where the total core power 
isn't exceeding the rated level, but perhaps a channel 
power or bundle power would be. 

So what you do is you design your whole 
scheme of measuring the flux in the reactor, and your 
protection for the bundles and the channels through the 
automatic shutdown of the reactor to prevent these 


limits from being exceeded. 
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QO. =ENow; 1 “understand ‘that; “and maybe you 
can tell me if APaesg Tight; tha -aws1 tlatd ons wnerec 
you have an unstable flux oscillation occurring can 
lead toda "sftuatiron “of *pronipl Super*eritrcality; is 
that right? 

Ay SFeden “oT pelreve so. 

Qx£ "If eyou nad avbess tor coclant, accident 
at the same time? 

KR. Well, it would be the loss of 
coolant --— you are talwingrabout wa Less (or “coolant 
accident “and if =the -~-you would not “get “prompt 
criticality “wrth “the ‘loss ror coolant? reethnatvs your 
scenario. LE vou Inave*a \Piux oscillation anda -Loss wor 
coolant accident, those are the two things that have 
happened, you cannot get prompt criticality. 

Q. What would happen if you had the 
unstable flux* oscillation occurring and your shutdown 
system didn't work when you had your loss of coolant 
accident? 

A. Well, we have a loss of coolant, flux 
oscillation, and your shutdown systems have failed, 
that's the -- well, the latter two of that sequence is 
what “rs analyzed for Pickering” in=the Pickering loss of 
coolant -- loss of shutdown analysis which was done for 


the Hare Commission. There was a large report done on 
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that which was also -- and critical parts that have 
would done independently by the Argon Laboratories in 
the states as well. 

OA.SO, -anyother. words, ting thatyarabysis 
I think you told me a few minutes ago, that you could 
have the situation where the reactor does achieve 
prompt super criticality? 

A. That's what is documented in the 
Depo ria BUCE welmane talking about very, very low 
probability, non-design basis accidents here. 

L..woulid. laikevto ‘refer ‘tormyou page Gb we 
thistexhibite andes selsunderstand from Exhibit 
104. 

THE CHAIRMAN: 104? 

MS. McCLENAGHAN: Rather from 
impernogavony 922.104. 

THE REGISTRAR: Which is .96. 

THE CHAIRMAN: Thank you. 

“seek Bod ONO WIS 20 OS eIntenrnogakornvyeNo. a9 62104, 

MS. McCLENAGHAN: Q. That's a report of 
the Ontario Hydro Nuclear Integrity Review Committee, 
dated August 1991? 

MRS. KING stavA so) Tbs, anwexcernpt gimomgthe 
renoncg. 


O “9 VYeseus Andsthe, excerptivbha tus 
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contained here at page 37 and 38 of Exhibit 598 
describes the Pickering “A" Undamped Side-to-Side 
Neutron Flux Oscillations, which is the incident that 
we were talking a few minutes ago which occurred in 
September 1990; is that right? 

A. It's referring to the same incident, 
yes. 

@2M And*at"page"38' of the exhibit there 
is reference to the main causes of the event, and 
paragraph B refers: 

To 2usuLricrenc BES er emphasis on 
the importance of conservative 
decision-making. 

And I my question is whether you know 
what that refers to, what does that mean? 

Ay Nes. (iteneters*tovene Ssituacion 
where the reactor operators, and this occurred over, as 
you; pointed ;eut, “amcouplevorsdays, that thesreactor 
operators did not view it as important enough to shut 
down the reactor, given that they didn't fully 
understand what was occurring. 

There were no limits being exceeded, 
through this whole incident no fuel failed at all. But 
they were in a situation where they were trying to 


recover from these oscillations, they have had similar 
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oscillations in previous months where they did recover 
Cromaat, 

Having flux tilts was not unexpected and 
they had a certain procedures in dealing with them. 
This just happened to be a little more severe than 
their previous experience. 

And really, the importance that Ontario 
Hydro has placed on this event and the importance that 
the AECB has placed on this event is related to, is 
what. you pointed out here, is the lack of conservative 
decision-making. That's what the I think the AECB was 
mainly concerned about. 

Subsequent to this event, in January of 
the. f£ollowingmyear)' 1992, ebhemMr,.. Hor ton ~rElgin Horton 
who is the vice-president of nuclear operations branch, 
sent a letter to all the aeiiateg Poeearn all the 
authorized first operators, shift supervisors, 
explaining his view on the subject, and that they 
should be taking -- their decisions should be 
conservative, that there is no penalty at all involved 
with taking conservative decisions and shutting the 
plant if they don't understand what is going on. And I 
believe the AECBuand) some? ofethe subsequentiannual 
reports for Pickering and Bruce have noted the fact 


that they have noticed, from their talking with shift 
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personnel, that the message has gotten through, and I 
think the mood of conservative decision-making has been 
reinforced from the top and it is really a way of life 
now on the shifts. 

OQ. al DE ivyou, PookVat page 54 “of (thrs 
exhibit package which refers to interrogatory to No. 
Dist?) 1105: 

THE SCREGESTRAR <2. 977. 

THE CHAIRMAN: Thank you. 
== xe ole NO ib 20109 2 «aiter roga tory NO. HO" 70" 
[4:44 p.m] 

MS. McCLENAGHAN: Q. I understand that 
there were two flux tilt events on another occasion, 
according, to! this. TatyBruce! SB" Bi? ose evs yuh ata ght? 

MRL CKING sa » Ae Wess thast was’ a couple of 
years before the Pickering incident. 

Q. And it states in this interrogatory 
response in this second paragraph under Bruce "B" that 
Ontario Hydro prepared more explicit instructions on 
the handling of severe flux tilts. Ontario Hydro 
reviewed training and concluded that improvement was 
needed in several areas related to reactivity device 
abnormalities and committed to address the training 
deficiencies. And I gather that happened, did it? 


Ath es, itt wdade 
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Q. And it was after that that you had 
the September 1990 accident that we have just talked 
about where there was, as it was put in that document, 
a lack of emphasis on conservative decision-making. 
And so it would seem that the earlier training and 
instructions were not adequate to prevent the 
Subsequent event; is that fair? 

A. One of the issues that came out in 
the evaluation of the second event, the Pickering’ 
event, was the fact that two similar events had 
Ae ee in Bruce and they had put in some better 
procedures for handling such incidents at Bruce, but 
that the messages did not get fully communicated from 
one station to another station. What we are talking 
about here now is Bruce. 

Om. Yes 

A. And I think that was also found in 
some of the, I believe that follow-up report that we 
were discussing earlier, I believe there is some 
reference in there to the Bruce events and the fact 
that the lessons learned at Bruce or the procedures, 
the improved procedures that were instituted at Bruce 
did not get communicated effectively enough to the 
staff at Pickering. 


On. ol ainderstand athat..a pamt) of) bheixcause 
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of this sort of accident or these events was ironically 


a safety upgrade that Ontario Hydro had made; is that 


right? 

A. We are talking of Pickering right 
now? 

QO} MA Pickering? yes: 

A. Yes. When we increased -- the answer 
is yes. 


Q. And could you describe -what that 
safety upgrade was? 

A.«“Gn'theloriginal Pickering “A"™” design 
there was a 1l shut-off rods; that has subsequently 
been increased to 21 shut-off rods. These are rods 
which are being dropped in from above. To gain those 
additional ten sites in the core, we had to remove 10 
adjusters. 

Now in the original design there were 18 
adjusters. Adjusters are neutron-absorbing materials. 
At®Prekering=theyRaresprimarily <cobalemRe=incfract, this 
is teeneSiece ofthe cobalt-which Hydro produces dnd is 
used in the medical, the cancer machines around the 
world. 

But these adjusters have a certain worth; 
they have a certain capability to absorb neutrons. And 


when we went from 18 down to 8, because we took 10 of 
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the sites, the places in the core, to change those into 
shut-off rods, we had to make the worths of all the 
adjuster rods the same. Before we had a maximum worth 
and then we had other rods which had lesser worth. 
Well, now we made them all the same, so there are 8 
rods of high worth. That means that they have a high 
capability to absorb neutrons. 

Now in this particular incident at 
Pickering "A", there had been some loss of reactivity 
due to lack of ability of fueling machines to refuel 
the core. One of the purposes of the adjuster rods is 
that if you are in these situations, the adjuster rods 
which are normally in the core at all time, you can 
pull some of them out, increase your reactivity if you 
have a lack of fueling capability due to fueling 
machine problems. 

Pickering A!,,2juss prior -coagtihis 
September 1990 incident, had the adjuster rods out of 
the core and the operator was going towards the more 
normal situation of having adjusters in the core and 
inserted an adjuster rod, and that was kind of the 
initiating. eventivforinetiiseitabey So, it’s. related 
to the fact that the worths of the adjusters rods are 
higher, because. ‘of, thes fact’ that.we,took 10: of the: sites 


and made them shut off rods. 


Farr & Associates Repoarting, Inc. 


Whillans,Johansen, 2a 


Penn,Daly,King 
cr ex (McClenaghan) 


OQ. And the adjuster rods" when’ you say 
have the ability or capability to absorb neutrons, 
that's a component of controlling the rate of reaction; 
snow thate. oe 

AVPONGetheyeareVused@to~ shape the flux. 
They are normally in the core and they are normally 
towards the centre of the core. So, rather than having 
a very peaked flux in the centre, you can kind of cut 
off «the ‘top®of the peaks “It allows *you to “raise “the 
power more evenly throughout the whole reactor by 
cutting off the peak. 

Q. So as a result of the changes of some 
of stne tadpuister rods 4eol “shut—down-rods';, sdid ‘thatrresult 
or does that mean Pickering iS now more prone to flux 
tilt problems than it otherwise was? 

KS Prion to this tnerdenc. 

Subsequently, the offending rod and it had a -- 
normally what you do is you insert two rods, 
symmetrical rods. If you have to insert a rod, you 
Simply insert two on each side and therefore you don't 
get the tilt situation. 

Ii -this“partrcular situatwvon, the 
operator only inserted one on one side. And the normal 
action is to then refuel a channel near that rod 


because by inserting the rod, you are putting in 
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negative reactivity. The normal operator action is 
then to refuel the channel near the rod to put in 
positive reactivity and hence you even things out and 
you don*itagetythe flux £2106 

What happened in this particular incident 
is there wasn't a channel which met the criteria close 
enough to the adjuster rods that the operator needed to 
refuel and he went slightly outside the established 
Criteria and refueled another channel, which didn't 
have the same balancing effect. 

OF “LPiwould’ like peofreferyyoussiexteto- an 
excerpt from what is Exhibit 187 and is contained at 
page 14 of the exhibit package that is before you; that 
being the Ontario Hydro Submission to the Ontario 
Nuclear Safety Review of August 1987. 

And the excerpt contained under the topic 
"Inherently Safer Reactors" is at page 16 of the 
exhibit package. And it says in the third paragraph on 
page 16, that: 

"'"Inherently safer reactors' are being 
designed to be able to shut themselves 
down and continuously cool their cores in 
the event of an accident, without having 
to rely on external power, mechanical 


devices or human operators for an 
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extended period of time. " 

And I take it that the CANDU of course is 
not inherently safe in any of those ways? 

A. The whole term "inherently safe 
reactors" —“as* youGnotevnere Ves “in quotation marks, 
and that's for a specific purpose. The term 
"inherently safe reactor" arose in the mid-1980s, I 
believe. Right now it's not a term that 1s in general 
use. I know the International Atomic Energy Agency in 
their definition of terms for future reactors do not 
use the’ term at’ all. 

[(4s556ptm: | 

But we were asked here, this is Ontario 
Hydro's submission to the ONSR, we were asked, as well 
as AECL was asked, to submit materials related to this 
subject, in Dr. Hare's words, inherently safe reactors. 
We chose to change the terminology a wee bit to safer 
and then put it all in quotation marks. 

These few lines that you just read out 
are referring to "inherently safer reactors", and I 
believe the discussion goes on, later on to some 
reactors which are power reactors and some reactors 


which are not power reactors. There are some of them 


-which are just district heat, water heating type 


reactors. And the design, the state of design of some 
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of these reactors is very, very early on, very early 
conceptual design, and none of these reactors are -- 
some of these concepts on the following pages here are 
dead concepts, nothing is being proceeded on them. 

But some of them do, some of these 
concepts these people have come up with do have a 
concept which allows for them to be shut down with 
passive means. And I much prefer the term passive 
rather than inherently. 

OOS AIC ELON AnGwa tf tyoueuse the, term 
passive, I might refer you to page 27 of this siete 
package, which is AECL's submission to the Ontario 
Nuclear Safety Review of August 1987, and it contains 
an excerpt from appendix 2, under the topic Inherently 
Safe reactors. Towards the end of that page there is a 
paragraph that says: In common terminology -- 
beginning in the second sentence -- 

AY (oOL Ia ele havensckagot this: 

Q. The last full paragraph on the page. 

THE CHAIRMAN: We better give this one a 
number. 

THE REGISTRAR: 603. 

---EXHIBIT NO. 603: Document entitled: Submission to 
the Ontario Nuclear Safety Review, by 


Atomic Energy of Canada Limited, 
August 1987. 
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THE CHAIRMAN: Thank you. 
MRK ENGe Yes, thatid aver sentence: mows. 
MS. McCLENAGHAN: Q. covisays: 

In common terminology an inherently 
safe reactor is one in which under any 
conceivable circumstance the energy 
produced in the reactor can be safely 
dissipated to the environment by totally 
passive means. A passive means is one 
which requires no human intervention, nor 
source of external activating energy. 

Is that the definition of passive that 
you mean when you say that you prefer that term? 

MR. KING?) * AL That’ is* ithe: definitions of 
passive that I prefer. It's not a universal definition 


of passive. Americans would not use that similar 


definition. 

When it says here, you started in that 
sentence: In common terminology an inherently safe 
reactor... this document was written in August 1987 


and I think I just mentioned earlier that it was more 
common then than it is now to use that terminology. 

Ose Andy. OF Cour se;)-Ghersa-toaattont isithat 
the CANDU reactor does not have or does not shut down 


by means of passive, totally passive means. 
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A. Well, it shuts down by eset We 
would call our system, from an peOba cs en i rts of view, 
to be fail-safe. A loss of power to any of the system 
will cause the reactor to be shut down. It doesn't 
require any human intervention to shut down. It 
doesn't require the existence of any external 
activating energy, the activating energy is gravity. 
ossPorsedectrical power will cause: xt to fail —-= to 
Polio Cher coas: to rad:, 

Phat smd bie can say comic, 

Q. So, in your use of the term passive 
safety rather than inherent safety, you are saying that 
the CANDU does shut down by passive means that you have 
just described? 

A. Well, just looking at this sentence 
right here, shutdown systems do not require human 
intervention nor do they require an external activating 
energy. 

MS. McCLENAGHAN: All right. That would 
be an appropriate place for a break, Mr. Chairman, if 
VOUMWANECUNL Oust Lunt cave oO Clocks. 

THE CHAIRMAN: We are adjourned until 
tomorrow morning at ten o'clock. 

THE REGISTRAR: This hearing will adjourn 


until ten-o clock tomorrow mornangs 
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---Whereupon the hearing was adjourned at 5:00 p.m., to 
be reconvened on Tuesday, April 14, 1992, at 
10200 "acm. 
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